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IV 

In this work presents the synthesis and characterization of novel organic materials for 

application in electronics devices. The target molecules were classified as its application. 

Oligothiophene derivatives bearing dialkylaniline end-capped were successfully synthesised and 

characterized. These compounds will be used as semiconductors in organic field-effect 

transistors, PTn and PTnF, respectively. All molecules show good optical property with the 

maximum wavelength depending on the number of thiophenes. In addition, the electrochemical 

property was also studied. The desired molecules show reversible oxidation stability. Dye­

sensitisiser for dye-sensitisised solar cells based on dialkylaniline, phenothiazine and coumarin as 

electron-donor were synthesised. Thiophene, phenylene and cyanoacetic acid were used as :rt­

bridge and electron-acceptor, respectively. The desired molecules exhibit the absorption at 450-

600, which is suitable for using as dye-sensitiser in solar cell. The devices based on PT2dye 

show power conversion efficiency of 3.55% (Jsc = 7.69 mA cm-
2

, Voe= 0.63 V, ff= 0.73) at AM 

1.5 G. Moreover, the DSSCs based on PhCTlPdye show the power conversion efficiency of 

4.33% (Jsc = 9.58 mA cm-
2

, Voe = 0.64 V, ff= 0.70) at AM 1.5 G. Conjugated polymer 

nanoparticles, PFO, PF8T2, PF8BT and PF8TAA, were carried out using emulsion 

polymerisation under Suzuki coupling condition at 30°C. The particle sizes were studied using 

dynamic light scattering (DLS) and transmission electron microscopy (TEM). The results show 

that the particles size is in nanometer range. The nanoparticles reveal a promising property as 

semiconductor for organic filed-effect transistors. 
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1.1 Introduction 

1.1.1 Organic materials 

CHAPTERl 

INTRODUCTION 

With the invention of the transistor around the middle of the last century, 

inorganic semiconductors such as Si or Ge began to take over the role as the dominant material in 

electronics from the previously dominant metals. At the same time, the replacement of vacuum 

tube based electronics by solid-state devices initiated a development which by the end of the 20th 

century has lead to the omnipresence of semiconductor microelectronics in our everyday life. 

Now at the beginning of the 21st century we are facing a new electronics revolution that has 

become possible due to the development and understanding of a new class of materials, 

commonly known as organic semiconductors. The enormous progress in this field has been 

driven by the anticipation of novel applications, such as large area, flexible light sources and 

displays, low-cost printed integrated circuits or plastic solar cells from these materials. 

Since the 1970s, the successful synthesis and controlled doping of conjugated 

polymers established the second important class of organic semiconductors, which was honored 

with the Nobel Prize in Chemistry in the year 2000. [1] The interest in undoped organic 

semiconductors revived in the 1980s due to the demonstration of an efficient photovoltaic cell 

incorporating an organic hetero-junction of p- and n-conducting materials [2] as well as the first 

successful fabrication of thin film transistors from conjugated polymers and oligomers. [3-5] The 

main impetus, however, came from the demonstration of high-performance electroluminescent 

diodes from vacuum-evaporated molecular films [6] and from conjugated polymers [7]. Owing to 

the large efforts of both academic and industrial research laboratories during the last 15 years, 

organic light-emitting devices (OLEDs) have progressed rapidly and meanwhile lead to first 

commercial products incorporating OLEO displays. Other applications of organic 

semiconductors, e.g., as logic circuits with organic field-effect transistors (OFETs) or organic 

photovoltaic cells (OPVCs) are expected to follow in the near future. 

1.1.2 Organic field-effect transistors (OFETs) 

Field effect transistors (FETs) are the basis for all electronic circuits and 

processors, and the ability to create FETs from organic materials [4, 8-14] raises exciting 

possibilities for low cost disposable electronics such as ID tags and smart barcodes. The 

molecular nature of organic semiconductors allows sub- micron structures to be created at low 
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cost using new soft-lithography [15] and self-assembly techniques [16] in place of expensive 

conventional optical lithography [9], and their emissive nature allows for optical transmission 

elements to be integrated directly with electronic circuits [17-20] in a way that is not possible with 

(non-emissive) silicon circuitry. However, although it is easy to argue for the importance of 

plastic FETs by drawing comparisons with silicon circuits, one must be aware that the two 

material systems (and the corresponding device structures) are very different, and the behaviour 

and performance of organic FE Ts do not necessarily match those of their silicon counterparts. 

1.1.2.1 Principles of operation 

Figure 1.1 OFETs components and operation 

OFET has a switching device configuration consisting of source-drain 

electrodes, gate electrode, active layer and gate insulator. In the case of OFET, organic 

semiconductors are used as an active layer. Applying a gate voltage results either accumulation or 

inversion of charge carriers at the organic semiconductor (OSC)/gate insulator interface. 

The current flowing between the source and drain electrodes is modulated by the gate voltage, 

which is also used to turn the device from the off to the on state. The OFETs structure is 

illustrated in Figure 1.1. 

There are two externally controlled biases for current manipulation, 

namely the potential V so applied between source and drain and the potential across the source and 

gate electrodes V 
0 

(Figure la). The effect of the gate potential V 0 is to accumulate charge carriers 

at the semiconductor-insulator interface, forming a channel, the so-called accumulation layer 

filled with charge carriers connecting the source and drain (Figure lb). This is easily understood 

if one keeps in mind that a transistor is akin to a capacitor. If, in addition, a voltage V80 is applied, 
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the accumulated charge carriers establish the current 180 (Figure l c ). Therefore, lso can be 

modified in a transistor by variation of V 0 and V so· [ 21, 22] 

The most important parameter quantifying FET performance is the 

charge carrier mobility(µ). For transistors operating in saturation lso is given by 

(1) 

where W denotes the transistor channel width (or the width of the source and drain electrodes), L 

the channel length (or the separation distance between the two contacts), µsat is the charge carrier 

mobility, C; the capacitance per unit area of the insulator, V 0 the gate voltage and VT the threshold 

voltage (the gate bias V 0 which needs to be applied in order for the transistor to turn on). 

Nowadays in large area electronic devices like flat panel displays, transistors are used that consist 

of amorphous silicon. Those transistors have a charge carrier mobility of typically higher than 

0.1 cm
2 v·1 

s·
1
• That is, organic FETs are also aimed to at least reach this value in order to be 

appealing for their incorporation in commercial electronic products. 

1.1.2.2 Materials for OFETs 

A key factor that influences the charge mobility of an organic 

semiconductor, as well its overall performance in organic electronic devices, is the intermolecular 

ordering of the molecules in the solid state. It is generally believed that face-to-face contact 

between the molecules is preferred for organic electronics, as there is the possibility of increased 

Jt • • • Jt overlap between the faces of adjacent molecules, which facilitates the carrier pathway in 

the solid. Designing an aromatic system that will stack in a face-to-face fashion requires the 

overcome favourable edge-to- face interactions. One way commonly used to accomplish this is to 

build aromatic systems with a sufficiently large ratio of rt-surface-to-circumference in order to 

avoid herringbone packing. In addition, adding side chains were introduced in order to increase 

solubility. Substituents can also be incorporated in order to force face-to-face interactions by 

creating steric effects that do not allow for efficient edge-to-face interactions. [23] 

NC 
PTCD-FCN2 

N-CH,C,F7 (::():) 

anthracene 

F 

F 
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Figure 1.2 Chemical structure of single molecules for OFETs 

Anthracene, the smallest member of the acene family with reported 

transistor characteristics, showed a mobility of 0.02 cm
2 v·' s-

1 
measured at low temperature in 

SC-OFETs. (24] Pentacene, one of the most studied acenes, has five linearly fused benzene rings 

exhibiting an even higher degree of conjugation. Charge mobilities for pentacene-based SC­

OFETs are in the range of 5-40 cm
2 v·' s-

1
• (25, 26] Oligothiophenes of 5,5

11
-diperfluorophenyl-

2,2' :5 ',2 ":5 ",2' "-quaterthiophene (DFPDT) exhibited n-type charge transport behavior, with 

mobility as high as 0.43 cm2 v·1 s-1. 

The most studied air-stable n-channel OSCs is perhaps perylene diimide 

and naphthalene diimide derivatives. With additional electron withdrawing substitution on these 

already electron-deficient molecules, many high mobility air-stable n-channel OSCs have been 

reported. (27] The addition of highly electron withdrawing groups, such as -CN and -F, on the 

PTCDI core lowers the LUMO levels below that of most atmospheric trapping species, which, 

together with a close-packed solid state resulting from fluorinated substituents at the N,N'­

positions, rendered ambient stability to PTCDl-F2 and PTCDI-CNr (28] 

The effects of asymmetric alkylation on molecular packing and thin film 

morphology have also been investigated, complementary to the aforementioned symmetrical 

substitution. (29-31] Fluorene-bithiophene-fluorene (F 1 TF), together with the addition of some 

alkyl chains did not change the molecular packing motif. Interestingly, the conjugated core of 

Fl TF in the asymmetric derivatives is in direct contact with the substrate surface, and its single 

alkyl chain is aligned away from that interface, making the Fl TF core distribution near the 

dielectric interface different from its symmetric counterparts. Additionally, it was found that the 

alkyl chain size (e.g., molecular aspect ratio) plays a significant role in 20 and 3D polycrystallite 

formation, which directly affects the charge mobility. (32] 

1.1.3 Dye-sensitized solar cells (DSCs) 

As a new type of photovoltaic technology, dye-sensitized solar cells (DSSCs) 

have been considered to be a credible alternative to conventional inorganic silicon-based solar 

cells, because of their easy fabrication, high efficiency and low cost, since the pioneering report 

by O'Regan and Griitzel. (33] To date, a 12.3% efficiency of DSSCs has been achieved by 
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employing a combination of a zinc porphyrin dye (YD2-o-C8) and an organic dye (Y123) in 

conjunction with a tris(2,2 '-bipyridine )cobalt(IIIIII) redox couple, speeding up the large-scale 

practical application ofDSSCs. 

One of the drawbacks of organic dyes is their relatively narrow absorption 

spectrum, whose maxima usually remain in the shorter wavelength region. The optimal organic 

sensitizer for solar cell applications should possess a broadly extended absorption spectrum 

ranging to the near-IR regime in order to attain good overlap with the solar emission spectrum and 

to produce large photocurrent responses. In addition, suitable energy levels of the highest 

occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of the dye 

are required to match the iodide/triiodide redox potential and the conduction band edge level of 

the Ti02 semiconductor electrode in order to assure efficient electron injection into the Ti02 

conduction band. For the latter process, the electron density distribution in the dye's HOMO and 

LUMO is also of crucial importance. One way of extending the absorption range to enhance the 

photocurrent response is to reduce the HOMO-LUMO energy gap of the sensitizer. For this 

purpose, various low bandgap sensitisers for DSSCs have been prepared by implementing, e.g., 

the electron-deficient benzothiadiazole (BTDA) unit into the bridging framework of D-:n;-A 

molecules. [34-38] 

1.1.3.1 Solar energy 

The sun emits light with a range of wavelengths from the ultraviolet and 

visible to the infrared. It peaks in the visible, resembling the spectrum of a blackbody at a 

temperature of 5760 K. It is, however, influenced by atmospheric absorption and the position of 

the sun. Ultraviolet light is filtered out by ozone, and water and C02 absorb mainly in the infrared 

making dips in the solar spectrum at 900, 1100, 1400, and 1900 nm (Hp) and at 1800 and 2600 

nm (C02). When skies are clear, the maximum radiation strikes the earth's surface when the sun 

is directly overhead, having the shortest path length through the atmosphere. The path length is 

called the air mass (AM) and can be approximated by AM = 1/cos <p, where <p is the angle of 

elevation of the sun. The standard solar spectrum used for efficiency measurements of solar cells 

is AM l.5 G (global), giving that <p = 42°. This spectrum is normalized so that the integrated 

irradiance (the amount ofradiant energy received from the sun per unit area per unit time) is 1000 

W m-
2

• The irradiance varies depending on the position of the sun, orientation of the Earth, and 

sky conditions. One also distinguishes sunlight in direct or diffuse light. The direct component 

can be concentrated, which increases the solar cell efficiency by increasing cell voltage outputs. 

Diffuse light arises by scattering of the sunlight in the atmosphere. This fraction is around 15% 

on average [39] but larger at higher latitudes and in regions with a significant amount of cloud 

cover. Materials with rough surfaces such as DSCs are relatively better suited for diffuse light 
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than perfectly flat surfaces and are less sensitive to movements of the sun. 

The AM 1.5 G solar radiation spectrum can be found from different 

sources. [40] The spectrum is shown in Figure 1.3 as the irradiance of the sun as a function of 

wavelength. 

The maximum power is obtained as the product of the photocurrent and 

photovoltage at the voltage where the power output of the cell is maximal. Another fundamental 

measurement of the performance of a solar cell is the "external quantum efficiency", which in the 

DSC community is normally called the incident photon to current conversion efficiency (IPCE). 

The IPCE value corresponds to the photocurrent density produced in the external circuit under 

monochromatic illumination of the cell divided by the photon flux that strikes the cell. From such 

an experiment the IPCE as a function of wavelength can be calculated from 

JPCE = lsc = 1240 lsc 
e<i> ).Pin 

(2) 

where e is the elementary charge. IPCE values provide practical information about the 

monochromatic quantum efficiencies of a solar cell. 

Wavelength (nm) 

Figure 1.3 Photon flux of the AM 1.5 G spectrum at 1000 W m.
2 

(ASTM G 173-03), and 

calculated accumulated photocurrent [ 41] 

1.1.3 .2 Principles of operation 

Typically, a DSSC contains the following key components: (1) a 

conductive mechanical support such as fluorine-doped Sn02 (FfO) over layer, (2) a mesoporous 

semiconductor metal oxide (such as nanocrystalline Ti02) film, (3) a sensitizer (dye), (4) an 

electrolyte/hole transporter, and (5) a counter electrode, which is usually made of noble-metal 
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platinum or carbon on FTO, as schematically shown in Figure 1.4. In the DSSCs system, light is 

absorbed by the dye anchored on the Ti02 surface and then electrons from the excited dye inject 

into the conduction band (CB) of the Ti02, generating an electric current, while the ground state 

of the dye is regenerated by the electrolyte to give efficient charge separation. The iodide is 

regenerated in turn by the reduction of triiodide at the counter electrode and the circuit is 

completed via electron migration through the external load. The voltage generated under 

illumination corresponds to the difference between the Fermi level of the electron in the Ti02 and 

the redox potential of the electrolyte. [ 42] Thus, the device generates electric power from light 

continuously. A unique feature of DSSCs compared with other solar cell technologies is that they 

separate the function of light absorption from charge carrier transport, [ 41] allowing optimisation 

of the device by careful screening of the light absorber and charge transport materials. 

e--

Figure 1.4 Schematic working principle of a DSC [43] 

The current-voltage (I- V) characteristics of a solar cell under 

illumination are used to determine the power conversion efficiency, 'fl· Because dye-sensitised 

solar cells have a relatively slow electrical response due to their high interfacial capacity, the 

voltage scan should be sufficiently slow to avoid errors in the current measurement due to 

capacitive (dis)-charging. Alternatively, the currents from a rapid forward and reverse voltage 

scan can be averaged. From the l-V curve, the short-circuit current, Isc (or short circuit current 

density, !J, is determined at the V= 0 intercept, while the open-circuit potential, Yoe, is found at 

the I= 0 intercept. The maximum output power of the solar cell is found where the product II x VI 

reaches a maximum (the maximum power point). The power conversion efficiency is given by 

IJVlmax lscVocFF 
TJ= --= --

Pin Pin 
(3) 
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where Pin is the power density of the incident light and FF is the fill factor. The fill factor can 

assume values between 0 and less than 1 and is defined by the ratio of the maximum power (Pm.,) 

of the solar cell per unit area divided by the V oc and J sc according to 

FF=~ 
lscVoc 

(4) 

Charge recombination at the nanocrystallite/redox electrolyte interface is 

expected to play a significant role in lowering the photovoltage. There are two likely 

recombination pathways, occurring at the interface. The injected conduction-band electrons may 

recombine with oxidized dye molecules or react with redox species in the electrolyte, as shown in 

Figure 1.5. It is known that to get an efficient charge separation, the LUMO of the dye from 

where the electron injection occurs has to be at sufficiently more negative potential than the 

conduction band edge of the Ti02 (Ec8), and the HOMO has to be more positive than the redox 

potential of iodide/triiodide. 

-3.SeV 

~ -4.0eV 

a 
~ 
£ 
~ 
~ -4.SeV 

~ 
,!! 

j -5.0eV 

6'il 
~ .s 

-5.SeV 

LUMO(D") 

Electron in.jection ~ 
/ lh• 

;~;(:Y -. 1}: <;~:~:·········· ... 
'•, ••••• TiO/eledrolyte recombination 

'·\.. ... ...................... -,.,. .. 
\.,, Tl0

1
/dyerecombinati.;···-. •• ..._ l;/1· \ ..... I ~-

·~ ~ -HOMO {D) Dye regeneration 

Electrolyte 

Figure 1.5 Energy level and operation diagram ofDSSCs [44] 

1.1.3 .3 Materials for DSCs 

1 Electron injection 
overpotential 

Dye regeneration 
overpotential 

As one of the crucial parts in dye-sensitized solar cells (DSSCs), the 

photosensitiser should fulfill some essential characteristics: 

1) The absorption spectrum of the photosensitizer should cover the 

whole visible region and even the part of the near-infrared (NIR). 

2) The photosensitiser should have anchoring groups (-COOH, -Hl03, -

S0
3
H, etc.) to strongly bind the dye onto the semiconductor surface. 

3) The excited state level of the photosensitiser should be higher in 

energy than the conduction band edge of n-type semiconductor (n-type DSSCs), so that an 
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efficient electron transfer process between the excited dye and conduction band (CB) of the 

semiconductor can take place. In contrast, for p-type DSSCs, the HOMO level of the 

photosensitizer should be at more positive potential than the valence band (VB) level of p-type 

semiconductor. 

4) For dye regeneration, the oxidized state level of the photosensitiser 

must be more positive than the redox potential of the electrolyte. 

5) Unfavourable dye aggregation on the semiconductor surface should be 

avoided through optimisation of the molecular structure of the dye or by addition of co-adsorbers 

that prevent aggregation. Dye aggregates can, however, be controlled (H- and J-aggregates) 

leading to an improved performance compared with a monomer dye layer. 

6) The photosensitiser should be photostable, and electrochemical and 

thermal stability are also required.[41] 

Organic dyes as an alternative to the noble Ru complexes sensitisers 

exhibit many advantages: (1) The molecular structures of organic dyes are diverse and can be 

easily designed and synthesised. (2) Concerning the cost and environment issues, organic dyes 

are superior to noble metal complexes. (3) The molar extinction coefficients of organic dyes are 

usually higher than those of Ru complexes, making them attractive for thin film and solid-state 

DSSCs. (4) To date, organic dyes exhibit higher efficiencies compared with that of Ru complexes 

in p-type DSSCs. Generally, donor-Jr-bridge-acceptor (D-n-A) structure is the common character 

of these organic dyes. With this construction it is easy to design new dye structures, extend the 

absorption spectra, adjust the HOMO and LUMO levels and complete the intramolecular charge 

separation. When a dye absorbs light, intramolecular charge transfer occurs from subunit A to D 

through the n-bridge. For n-type DSSCs, the excited dye injects the electron into the conduction 

band of the semiconductor via the electron acceptor group, A. However, in p-type DSSCs, the 

excited dye captures the electron from the valence band of the semiconductor to complete the 

interfacial charge transfer. 

N,N-Dialkylaniline dyes have been investigated in many groups, the 

example as shown in Figure 1.6. NKX-2569 was reported with the highest power conversion 

efficiency (1J) of 6.8% under AM 1.5 G. [45, 46] In 2004, Kitamura et al. reported N,N­

diethylaniline dye with 1J = 6.6% under AM 1.5 G. [47] The thienothiophene was used as :rt­

bridge in D-ST dye, which showed power conversion efficiency (1J) of 6.23 % under AM 1.5 G. 

[48] 



.· 

; . 

10 

~ "<:::: CN 
"<:::: CN 

n COOH ,......-N COOH 
'N 

I NKX-2569 ) 

-"\ 
S~S 

N N 
~ D-ST 0 '-coott 

Figure 1.6 Chemical structures of N,N-dialkylaniline dyes 

Coumarin dyes linked by vinylene or thiophene unit introduced a good 

device performance. Hara et al. reported coumarin dyes with different linkers.[49-53] N,N­

diethylcoumarin (NKX-2510) with vinylene linker showed power conversion efficiency of 4.7% 

at AM 1.5 G. NKX-2311 was succefully synthesised and used light harvesting in dye-sensitised 

solar cells. The device showed quite high efficiency of 5.2% at AM 1.5 G. Thiophene was used 

as linker in order to improve the power conversion efficiency. NKX-2593 with vinylene­

thiophene linker showed good performance at 7.2% at AM 1.5 G while NKX-2677 with 

bithiophene linker showed high power conversion efficiency of7.4% at AM 1.5 G. 

~CN 
.......-N~O~O COOH 

) NKX-2510 

0 
NKX-2593 

NC 

9 COOH 

Figure 1.7 Chemical structures of coumarin derivative dyes 

NKX-2311 

NKX-2677 

"<:::: CN 

COOH 

Phenothiazine derivative dyes as T2- l have been successfully 

synthesised and used as light harvesting material in dye-sensitized solar cells. The device 

performance is 5.5% (with short-circuit photocurrent density (Jj = 10.9 mA cm-
2
, open- circuit 

photovoltage (V.,) = 712 mV, and fill factor (fl)= 0.71). [54] In 2010, Tain et al. continued his 
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work with phenothiazine by adding thiophene unit (TH208) as linker which improve the power 

conversion efficiency to 6.4% at AM 1.5 G. [55] A year later, Kim et al. compared the effect of 

the Jt-bridge using furan and thiophene (SH-6 and SH-7), they found that furan shows a better 

performance at 1] = 6.58% (SH-7 at 1] = 6.32%) due to the lower resonance energy and flatter 

structure. [56] 

(XSJC!b~ COOH 
I~ CN 

N • 
C4~ T2-l 

Figure 1.8 Chemical structures of phenothiazine dyes 

1.1.4 Conjugated polymer nanoparticles 

NC 
b COOH 

TH208 

Highly fluorescent nanoparticles have been demonstrated in a wide range of 

applications such as high-throughput screening, ultrasensitive assays, live cell imaging, and 

intracellular dynamics. [57-60] Currently available fluorescent nanoparticles include colloidal 

inorganic semiconductor quantum dots, [60, 61] dye-loaded latex spheres, [62] and dye-doped 

silica colloids. [63] These nanoparticles possess high brightness and improved photostability as 

compared to conventional fluorescent dyes. [64] Conjugated polymer nanoparticles can be 

prepared using a variety of methods, including nano-precipitation, [65-69] miniemulsion 

dispersion, [70-72] mini-emulsion polymerisation, [73-75] self-assembly of polymer brushes, [76] 

and dendrimer-based strategies. [77] 

1.1.4.1 Emulsion polymerisation 

Emulsion polymerisation is a unique chemical process widely used to 

produce waterborne resins with various colloidal and physicochemical properties, which is mostly 

used for radical polymerisation. This heterogeneous free radical polymerization process involves 

emulsification of the relatively hydrophobic monomer in water by an oil-in-water emulsifier, 

followed by the initiation reaction with either a water-insoluble initiator (e.g. sodium persulfate 

(NaPS)) or an oil-soluble initiator (2,21 
- azobisisobutyronitrile (ASBN)). [78] 

Priest [79], Roe [80], and Fitch and Tsai [81] proposed the homogeneous nucleation 

mechanism for the formation of particle nuclei in the continuous aqueous phase, as shown 
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schematically in Figure 1.9. First, waterborne initiator radicals are generated by the thermal 

decomposition of initiator and they can grow in size via the propagation reaction with those 

monomer molecules dissolved in the aqueous phase. The oligomeric radicals then become water­

insoluble when a critical chain length is reached. The hydrophobic oligomeric radical may thus 

coil up and form a particle nucleus in the aqueous phase. This is followed by formation of stable 

primary particles via the limited flocculation of the relatively unstable particle nuclei and 

adsorption of surfactant molecules on their particle surfaces. The surfactant species required to 

stabilise these primary particles come from the aqueous phase and is adsorbed by the monomer 

droplet surfaces. The ideas above were incorporated into the following kinetic model developed 

by Fitch and Tsai [81] 

(5) 

where t is the reaction time, g the rate of generation of free radicals in the aqueous phase, b a 

parameter that takes into account the aggregation of oligomeric radicals, Re the rate of capture of 

free radicals by the particles, and R, the rate of flocculation of the particles. 

Interval I: Nucleation of monomer-swollen micelles 

v..;.,~··································1 

I MM\ i 
~ MM te . \ 1-+2* 

)c.'"i ...... ><. 

Interval II : Growth of latex particles 

,-··----~ -~ 
l ~-~·-·---·-·-·-*M: 

Latex particles Monomer droplets 

Interval III : Consumption of residual monomer 

............ . . . . . . . 
* 

I Initiator molecule * Initiator radical 
e- Swfactant molecule 
M Monomer molecule 
P Polymer chain 

Figure 1.9 A schematic representation of the micelle nucleation model [78] 

1.1.4.2 Mini-emulsion polymerisation 

This is the most common method used in the synthesis of conjugated 
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nanoparticles. Using this method illustrated in Figure 1.10, Landfester and co-workers prepared 

nanoparticles from various polymers including conjugated polymers. [70, 72, 82, 83] To prepare 

CPNs, the polymer is dissolved in a water immiscible organic solvent and then the resulting 

solution is injected into an aqueous solution of an appropriate surfactant [84] The mixture is 

stirred rapidly by ultrasonicating to form stable mini-emulsions containing small droplets of the 

polymer solution. The organic solvent is evaporated to obtain a stable dispersion of polymer 

nanoparticles in water. The size of nanoparticles could vary from 30 nm to 500 nm depending on 

the concentration of the polymer solution. However, the droplets could be destabilized by 

Ostwald ripening as well as the flocculation caused by the coalescence of droplets. To prevent 

flocculation appropriate surfactants are used, while Ostwald ripening can be suppressed by the 

addition of a hydrophobic agent (a hydrophobe) to the dispersed phase. The hydrophobe 

promotes the formation of an osmotic pressure inside the droplets that counteracts the Laplace 

pressure (the pressure difference between the inside and the outside of a droplet) preventing 

diffusion from one droplet to the surrounding aqueous medium . 

. .. -·. ·-. . .. 
~-·~r.·. 

• • •• • high shear reaction ... ... 
Figure 1.10 The preparation ofnanoparticles using the mini-emulsion method [72] 

1.2 Aims 

Aims of this work are as followed; 

(1) To synthesise novel organic materials as show in Figure 1.11. 

(2) To characterize and to study the electronic, electrochemical and thermal properties 

of the target molecules. 

(3) To investigate their potential application as organic semiconductor . 
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Figure 1.11 Chemical structure of target molecules 
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CHAPTER2 

SYNTHESIS AND CHARACTERIZATION OF OLIGOTHIOPHENES FOR 

APPLICATION IN ORGANIC FIELD-EFFECT TRANSISTORS (OFETs) 

2.1 Introduction 

The most important material properties for semiconductors that comprise the active 

materials in organic field-effect transistor are high mobility, low "off-conductivity", stability and 

processibility. The energy level of the material should match with the energy level of the 

electrodes in order to provide for facile hole injection from electrode materials at accessible 

voltages, while the molecular shape ensures useful mobility by virtue of the intermolecular 

overlap and molecular orientation in a solid film. [85] 

Poly- and oligothiophene-based compounds are widely used within the field of 

organic electronics. [86-88] They display remarkable conductivity with excellent chemo- and 

thermostability, and they are, in general, readily synthesised or structurally modified to meet 

electronic and spectroscopic requirements. Moreover, it was shown that the use of triarylamine 

subunits had a positive influence on both the conductivity and the tendency to form amorphous 

glasses. Thus, combinations of oligothiophenes with triaryl moieties are widely used in all fields 

of organic electronics. [89-91] Thieno[3,2-b ]thieno[20,30:4,5]thieno[2,3-d]thiophene 

(tetrathienoacene; TTA) is a four thiophene-fused system which is widely used as semiconductor 

in OFETs. Liu et al. reported the OFETs using TT A with phenyl end-capped (la-le). The device 

using la reveal the best performance with mobilities as high as 0.14 cm
2
V-

1
s-

1 
and an on/off ratio 

up to 10
6

• This good performance related to good film morphology. [92] 

la 

Figure 2.1 The chemical structure ofTAA derivatives 

The OFETs fabricated with thiophene-phenylene oligomer with high mobility was 

reported at charge mobility at l.4xl0-
2 

cm
2 v·1

s·
1 

and an on/off ratio at 2xl0
3

• [93] The 

khanitha
Rectangle
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incoperation of phenylene unit into the thiophene backbone results in a small lowering of the 

HOMO energy and it has been shown that this lowering is accompanied by reduction in the off 

currents, thus increasing the device on/off ratio. 

PTIP, n= 2 
PTITP, n=3 

PTITTP, n=4 

C6H13~C6H13 
dH-PTP, n= 1 
dH-PTTP, n = 2 
dH-PTITP, n = 3 
dH-PTITTP, n = 4 

Figure 2.2 The chemical structure of thiophene-phenylene oligomers 

In order to improve the processibility of OFETs, a new series of n-hexyl-substituted 

thiophene-phenylene oligomers was synthesised and used in p-channel transistors. The transistor 
2 -I -I 4 

based on dH-PTTP shows the best performance at 0.02 cm V s and an on/off ratio at 2xl0 

under drop-casting film process. [94] 

In this work we reported the synthesis and characterization of oligothiophenes with 

dialkylaniline end-capped. The alkyl chains at the N-position of aniline moieties are expected to 

induce the crystal order in solid state and also to improve the solubility in common organic 

solvents. The optical, electrochemical, thermal properties and computational calculation are also 

evaluated. 

2.2 Synthesis 

RiN-0 
1 

n = 2, 6, 89"/o 
n=3,8,60% 

Bromooctane 
~ 

NBS,THF 

Scheme 2.1 The synthetic route of intermediates 

NBS,NHpAc 
~ 

MeCN,94% 

n=l, 5, 75% 
n=2, 7, 51% 
n=3, 9,46% 
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In order to improve the processibility of OFETs, a new series of n-hexyl-substituted 

thiophene-phenylene oligomers was synthesised and used in p-channel transistors. The transistor 
2 -I -I 4 

based on dH-PTTP shows the best performance at 0.02 cm V s and an on/off ratio at 2x10 

under drop-casting film process. [94] 

In this work we reported the synthesis and characterization of oligothiophenes with 

dialkylaniline end-capped. The alkyl chains at the N-position of aniline moieties are expected to 

induce the crystal order in solid state and also to improve the solubility in common organic 

solvents. The optical, electrochemical, thermal properties and computational calculation are also 

evaluated. 

2.2 Synthesis 

n=2, 6, 89% 
n=3,8,60% 

Brornooctane .... 

NBS,THF 

NBS,NHpAc 

MeCN,94% 

CsH11~ N ~ /J ~ /i Br Oii( NBS, THF 

CsH11 n 
n=l, 5, 75% 
n=2,7,51% 
n=3, 9, 46% 

Scheme 2.1 The synthetic route of intermediates 
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To obtain the target oligothiophenes, the synthesis part was separated into two parts. 

Firstly, the intermediates were synthesised as shown in Scheme 2.1. Then the desired molecules 

were synthesised . 

.N,N-dioctylaniline (2) was obtained by reacting aniline with bromooctane in the 

presence of Na2C03 in BuOH [95] afforded N,N-dioctylaniline in quantitative yield. Under this 

condition, substitution of aniline was occurred under nucleophilic substitution (SN2) as explained 

mechanism in Scheme 2.2. The 
1
H-NMR of 2 showed a double peak at chemical shift of 3.33 

ppm (4 protons, J = 6.9 Hz) assigned as the protons of the alkyl chain next to the N-atom and a 

double peak at chemical shift of 6.71 ppm (2 protons, J = 88.6 Hz) assigned as the aromatic 

protons of the phenyl ring. 

Scheme 2.2 Proposed mechanism of alkylation of aniline 

In order to obtain compound 3, the dialkylaniline was brominated with NBS in the 

present of ammonium acetate as catalyst in acetonitrile to give 4-bromo-N,N-dioctylaniline in 

quantitative yield. [96] Regarding mechanism of the reaction it may be mentioned that the 

reaction of NBS and NHpAc is known to produce HO Ac and HBr which can polarise the N-Br 

bond of NBS and facilitate the nuclear bromination of phenols and anilines. [97] A possible 

mechanism for generation ofBr2 and HBr is shown in Scheme 2.3. 

NHpAc Ali( > NH
4
+ + OAc- Ali( (5) 

0 0 

GN-B< NI\ 
)Ir GN-H (6) 

0 0 

(7) 

Scheme 2.3 Proposed mechanism of Br 2 generation 
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In the presence of NHpH the reaction of aniline with NBS requires shorter time to 

form the product and the yield and the selectivity were higher. The chemical structure of 

brominated product 3, after purification, was confirmed by 
1
H-NMR analysis. The 

1
H-NMR 

spectrum shows a doublet peak at chemical shift of 6.48 ppm (2 protons, J = 6.7 Hz) assigned as 

the proton of aniline, which is next to Br. 

The bromination resultant was brought to react with 2-thiophene boronic acid under 

Suzuki coupling condition. Under this condition, Pd(PPh3) 4 was used as catalyst, NaF03 as base 

and THF as solvent afforded the desired product 4 in 61 %. The reaction follows a three-step 

mechanism cycle, oxidative addition, transmetallation and reductive elimination as described in 

Scheme 2.4. The chemical structure of 4-thiophenyl-N,N-dioctylaniline was confirmed by 
1
H­

NMR analysis. The 
1
H-NMR spectrum of 4 shows a doublet peak at chemical shift of 7.05 ppm 

(1 proton, J = 4.2Hz) assigned as the a proton at C-5 atom of the thiophene ring and a doublet 

peak at chemical shift of 6.65 ppm (2 proton, J = 8.4 Hz) assigned as the protons of phenyl ring. 

L 
I 

Pd(O) 
Br-0 

i, oxidative addition 

0-
L S 
Pd(II)-fj L 

- L 0-~d(II)-Br 

smetalation ~L 
Ni1iC03 

L 
OH o-Pd(II)-C03 

0-s B-OH - L NaBr co 3 

~iliC03 
OH s I 

o-B·OH 

Scheme 2.4 Proposed mechanism of Suzuki coupling 

5-Bromo-4-thiophenyl-N,N-dialkylaniline was obtained by bromination of 4 with 

NBS in THF. The crude product was purified using column chromatography (silica gel) afforded 

the brominated product 5 in 75% yield. The chemical structure of the resultant was confirmed by 
1H-NMR analysis. The doublet peak at chemical shift of 6.85 ppm (1 proton, J = 3.6 Hz), 

assigned as the proton of thiophene next to Br-atom, was found. 
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In order to get more thiophene units, the Suzuki coupling reaction and bromination 

were repeated. The percent yield of 4-(2,2'-bithiophen)-N,N-dioctylaniline and 4-(2,2':5',2"­

terthiophen)-N,N-dioctylaniline were 89% and 60%, respectively. In the other hand, the percent 

yield of bromination reaction to give 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline and 4-(5"­

bromo-[2,2':5',2"-terthiophen])-N,N-dioctylaniline were 51 % and 46%, respectively. All of 

desired molecule structures were confirmed by 
1
H-NMR analysis. 

The oligothiophenes molecules were successfully synthesised using Suzuki coupling 

reaction. The even number of thiophene units was obtained using Stille coupling reaction as 

depicted in Scheme 2.5. [98] The brominated products with various thiophene moieties, 5, 7, and 

9, were reacted with [Me
3
Sn]2 in the presence of Pd(PPh3) 4 as catalyst in toluene at reflux to give 

the target molecules PT2, PT 4, and PT6 in 48%, .S 1 % and 31 %, respectively. 

Toluene 

Scheme 2.5 Synthetic route of PT2, PT4 and PT6 

The mechanism of Stille reaction follows three steps consisted of oxidative addition, 

transmetalation and reductive elimination, respectively. The recently proposed mechanism is 

shown in Scheme 2.6. 

0-Ar 

L 
I 

Pd(O) 
l 

reductive elimination 

L 

0-~d(II)-Ar 
L 

Scheme 2.6 The mechanism of Stille coupling reaction 

oxidative addition 

L 

0-~d(II)-Br 
L 

I 
Ar-Sn­

\ 

I 
Br-Sn­

\ 

The chemical structure of PT2, PT4 and PT6 were confirmed by 
1
H-NMR analysis. 

The 
1
H-NMR of PT2 shows a doublet doublet peak at chemical shift of 6.61 ppm (4 protons, J = 
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6.13 Hz) assigned as the protons of phenyl rings and a doublet peak at chemical shift of7.12 ppm 

(2 protons, J = 3.5 Hz) assigned as the protons of thiophene units. PT4 shows a singlet peak at 

chemical shift of 6.65 ppm (4 protons) assigned as the protons of phenyl rings and a doublet peak 

at chemical shift of 7 .09 ppm (8 protons, J = 8.4 Hz) assigned as the protons of thiophene units. 

PT6 shows a doublet peak at chemical shift of 6.61 ppm (4 protons, J = 8.4 Hz) assigned as the 

protons of phenyl rings and multiplet and doublet peaks at chemical shift of 7 .06-7 .16 ppm (12 

protons) assigned as the protons of thiophene rings. The MALDI mass spectrometry analysis 

shows the molecular ion peaks centered at mlz = 961 for PT 4, 1124 for PT6 corresponding to an 

expect M+. mass ion of oligothiophenes derivatives. The product was soluble in chlorinated 

solvents and tetrahydrofuran at room temperature. 

The odd number of thiophene units and the fluorene core were synthesised by Suzuki 

coupling reaction as depicted in Scheme 2. 7. The reaction underwent between the brominated 

compound and boronic acid compound using Pd(PP~)4 as catalyst, N<tiC03 as base in THF. The 

chemical structure of target molecules was confirmed by 
1
H-NMR analysis. The 

1
H-NMR 

spectrum of PT3 shows a doublet peak at chemical shift of 6.55 ppm (4 protons, J = 5.0 Hz) 

assigned as the protons of phenyl ring and a triplet peak at chemical shift of 6.69 ppm (6 protons, 

J = 5.0 Hz) assigned as the protons of thiophene units. PTS shows a doublet peak at chemical 

shift of 6.64 ( 4 protons, J = 8. 7 Hz) assigned as the protons of phenyl rings and a multiplet peak at 

chemical shift of 7.08 ppm (10 protons) assigned as the protons ofthiophene units. PTlF shows 

a doublet peak at chemical shift of 6.61 ppm (4 protons, J = 8.4 Hz) assigned as the protons of 

phenyl rings and doublet peak at chemical shift of 7.31 (2 protons, J = 3.6 Hz) assigned as the 

protons of fluorene ring. Whilst PT2F shows a doublet peak at chemical shift of 6.63 ppm (4 

protons, J = 8.4 Hz) assigned as the protons of phenyl rings and doublet peak at chemical shift of 

7.45 (4 protons, J= 8.1 Hz) assigned as the protons offluorene ring. 

HO OH 
.ii s ii 

HO LJ OH 

Scheme 2.7 synthetic routes of PT3, PTS, PTlF and PT2F 

n = 2, PT2F, 27% 
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The MALDI mass spectrometry analysis shows the molecular ion peaks centered at 

mlz= 879 for PT3, 1044 for PTS, 1129 for PTlF and 1294 for PT2F corresponding to an expect 

M+. mass ion of oligothiophenes derivatives. The products were soluble in chlorinated solvents 

and tetrahydrofuran at room temperature. 

2.3. Optical properties 

The optical properties of the oligothiophenes derivatives were investigated in dry 

dichloromethane solution. The absorption spectra of PT2, PT3, PT4, PTS, PT6, PTlF and 

PT2F are shown in Figure 2.3 and 2.4. The desired oligothiophenes exhibited a strong UV­

visible absorption band at 421, 438, 457, 464, 433, 423 and 443 nm, respectively, which are the 

the :Jt-:Jt* transition of the thiophene moieties. [99] The red-shift occurred due to longer 

conjugation of the prolonged thiophene units. 

-PT2 
1.0 ·····PTJ 

- PT4 

~ 0.8 ., 
= 

·-·PTS 
... -PT6 

!:! 
= -'"O 0.6 .. 
] 
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< 
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0 
300 400 500 600 

Wavelength (nm) 

Figure 2.3 Absorption spectra of PT2, PT3, PT4, PTS and PT6 

By comparison, PT3 to PTlF, PT3 shows an absorption peak at 438 nm while PTlF 

shows a maximum peak at 423 nm and PTS to PT2F. PTS exhibits an absorption peak at 464 nm 

while PT2F shows an absorption peak at 443 indicating that the thiophene unit can be used to 

extend the conjugation of molecules. 
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Figure 2.4 Absorption spectra of PT3, PT5, PTlF and PT2F 

The photoluminescence spectra of target molecules excited at the maximum 

absorption wavelength are depicted in Figure 2.5 and 2.6. The desired molecules, PT2, PT3, 

PT4, PT5, PT6, PTlF and PT2F exhibited maxima peaks at 495, 528, 543, 549, 549, 491 and 

530, respectively, which is related to their absorption wavelength. 
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Figure 2.5 Fluorescence spectra of PT2, PT3, PT4, PT5 and PT6 
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·-·PIS 
···-PI6 

700 

According to the fluorescence spectra, PT2 shows the shortest absorption band since it 

is the smallest molecule with the shortest conjugation length. The energy gap of the PT series is 

decreasing when the number of thiophenes increases due to extended conjugation. PTF series 

also shows the same trend that PT2F exhibits a lower energy gap than PTlF. 
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Figure 2.6 Fluorescence spectra of PT3, PTS, PTlF and PT2F 

Table 2.1 The summary of Absorption and fluorescence data of PT2, PT3, PT4, PTS, PT6, 

PTlF and PT2F 

Compound A. max of absorbance A. mn (nm) and log A. mn of emission 

(nm)" E (nm)b 

PT2 421 421 (4.65) 495 

PT3 438 438 (3.95) 528 

PT4 457 457 (4.95) 543 

PTS 464 464 (4.10) 549 

PT6 433 433 (4.63) 549 

PTlF 423 423 (4.11) 491 

PT2F 443 443 (5.02) 530 

"Measured in dilute CH
2
Cl2 solution, bExcited at the absorption maxima 

2.3 Electrochemical property 

Cyclic voltammetry (CV) is a technique measuring the current versus potential of a 

solution of a compound. A typical electrochemical cell consists of three electrodes; working, 

counter and reference electrodes, controlled by a potentiostat. The potential difference is applied 

between the working and counter. The third electrode is the reference electrode, through which 

no current flows, and from which the potentials of the other electrodes are measured. Apart from 

the solutions, the solute in this work contains an electrolyte to decreases the resistant. 

In the CV experiment the potential is varied with time, either in a positive or negative 
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direction, in a linear sweep to a potential Ep, called the switching potential, and then back to the 

starting potential (Figure 2.7a). During the linear sweep potential, the current is measured and the 

presence of a peak during the sweep indicates that redox process has occurred (Figure 2. 7b ). 

voltage current 
a 

V1 V2 voltage 

Figure 2.7 a) the triangular potential sweep used for CV b) a quasi-reversible CV trace for a 

redox process 

A negative sweep of the potential causes reduction and positive sweep causes 

oxidation. If there is a reverse peak of the trace observed in the forward potential sweep, then 

redox process is chemically reversible. This means the reduced or oxidised species is stable or the 

kinetics of the electron transfer process between the electrodes and the solution are fast on the 

timescale of the experiment. If there is no reverse peak then the redox process is chemically 

irreversible. The irreversible behavior results from either a following chemical processing 

occurring on a time scale fast compared with the timescale of the experiment, or due to 

heterogeneous electron transfer which is slow compared to the timescale of the experiment. In 

CV, with a reversible oxidation and reduction process, the difference in potential (MP) between 

the cathodic and anodic peaks for a one-electron process at 25 °C is 57 m V and for a two-electron 

process MP= 28.5 mV. When MP is significantly greater than 57 mV at 25 °C but the oxidation 

and reduction in chemically reversible, then the process is termed quasi-reversible behavior 

occurs when reduced or oxidised species is stable, but the rate of heterogeneous electron transfer 

between the compound and the electrode is slow in comparison to the timescale of the experiment. 

Increasing the scan rate of the potential sweep can cause a reversible process to become a quasi­

reversible process, while a irreversible process becomes reversible in case of prolonged scan rates. 

In this work all CV experiments were performed in dry dichloromethane using a 

platinum wire counter electrode, a Ag/ AgCl/NaCl reference electrode, and glassy carbon working 

electrode. The electrolyte used was tetra-n-butylammonium hexafluorophosphate and this was 

chosen because it is soluble in organic solvents. The concentration of the electrolyte in solution 

was 0.1 M, and the concentrations of the oligothiophenes derivatives in solution were in the range 



25 

0.5 mM-0.1 mM. It is important to use very dry solvents and to removed oxygen from the 

solution by degassing with an inert gas, as 0 2 is a good scavenger of radicals and so many react 

with the oxidized and reduced species. The internal standard used in this work was the 

ferrocenium/ferrocene (Fe+ /Fe) couple, and the data presented is relative to this standard. 

The values ofE112 of a redox couple are the average values of the cathodic and anodic potentials. 

The cyclic voltammogram and different pulse voltammogram of the PT2 in 

dichloromethane solution at scan rate 0.05V/s are shown in Figure 2.8 and are summarized in 

Table 2.2. PT2 reveals three reversible oxidation waves with half-wave potential (E112) at 0.42, 

0.52 and 1.45 V vs Ag/ Ag\ which are assigned as the formation of alkylaniline radical cation and 

thiophene radical cation, respectively. No reduction wave was observed. 
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Figure 2.8 Cyclic voltammogram of target molecules PT2 
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The cyclic voltammograms and different pulse voltammogram of the PT3 in 

dichloromethane solution at scan rate 0.05V/s are shown in Figure 2.9 and are summarized in 

Table 2.2. PT3 shows three reversible oxidation waves with half-wave potential (E 112) at 0.46, 

0.54 and 1.16 V vs Ag/Ag+' which are assigned as the formation of alkylaniline radical cation and 

thiophene radical cation, respectively. No reduction wave was observed. 



·-

8xlO°" 

6 

3 4 
;: 
t .. 
" 2 u 

0 

-2xlO°" 

0 

l".,,'\ 
I \ 
I \ 
I \ 
I \ 
I 
I 
I 
I 
I 
I 
I 

/ -----

0.2 0.4 0.6 0.8 

Voltage vs Ar/Ag+ (V) 

Figure 2.9 Cyclic voltammogram of target molecules PT3 
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The cyclic voltammograms and different pulse voltammogram of the PT4 in 

dichloromethane solution at scan rate O.OSV Is are shown in Figure 2.10 and are summarized in 

Table 2.2. PT4 shows three reversible oxidation waves with half-wave potential (E 112) at 0.48, 

0.60 and 0.98 V vs Ag/ Ag+' which are assigned as the formation of alkylaniline radical cation and 

thiophene radical cation, respectively. No reduction wave was observed. 
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Figure 2.10 Cyclic voltammogram of target molecules PT4 

The cyclic voltammograms and different pulse voltammogram of the PTS in 

dichloromethane solution at scan rate O.OSV/s are shown in Figure 2.11 and are summarized in 

Table 2.2. PTS shows three reversible oxidation waves with half-wave potential (E 112) at 0.46, 
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0.60 and 0.87 V vs Ag/ Ag+, which are assigned as the formation of alkylaniline radical cation and 

thiophene radical cation, respectively. No reduction wave was observed. 
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Figure 2.11 Cyclic voltammogram of target molecules PTS 

The cyclic voltammograms and different pulse voltammogram of the PT6 in 

dichloromethane solution at scan rate 0.05V/s are shown in Figure 2.12 and are summarized in 

Table 2.2. The reversible oxidation waves with half-wave potential (E112) at 0.54 and 1.08 V vs 

Ag/ Ag+' which are assigned as the formation of alkylaniline radical cation and thiophene radical 

cation, respectively. 
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Figure 2.12 Cyclic voltammogram of target molecules PT6 
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The cyclic voltammograms and different pulse voltammogram of the PTlF in 

dichloromethane solution at scan rate O.OSV/s are shown in Figure 2.13 and are summarized in 

Table 2.2. PTlF shows three reversible oxidation waves with half-wave potential (E112) at 0.59, 

1.05 and 1.33 V vs Ag/Ag+, which are assigned as the formation of alkylaniline radical cation, 

thiophene radical cation and fluorene radical cation, respectively. No reduction wave was 

observed. 
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Figure 2.13 Cyclic voltammogram of target molecules PTlF 

The cyclic voltammograms and different pulse voltammogram of the PT2F in 

dichloromethane solution at scan rate O.OSV/s are shown in Figure 2.14 and are summarized in 

Table 2.2. PT2F shows five reversible oxidation waves with half-wave potential (E112) at 0.57, 

0.74, 0.91, 1.01 and 1.43 V vs Ag/Ag+, which are assigned as the formation of alkylaniline radical 

cation thiophene radical cation and fluorene radical cation, respectively. No reduction wave was 

observed. 



. 

. . 

·-

lOxlO°"' 

5 

~ 
'i! 
E ::s u 

0 

-sx10""' 

0 0.2 

'\ I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I _,, 

0.4 0.6 0.8 

""\ 
\ 

1.0 

\ 
\ 

Voltage vs Ar/ AG* (V) 

l-PT2FI 

\ /', , ,..,. __ ,,, ,..,_,,~ 

1.2 1.4 1.6 

Figure 2.14 Cyclic voltammogram of target molecules PT2F 

Table 2.2 Cyclic voltammetric results for PT2, PT3, PT4, PT5, PT6, PTlF and PT2F° 

Compound 

PT2 

PT3 

PT4 

PT5 

PT6 

PTlF 

PT2F 

Elo 
(V) 

0.58 1.52 

(0.42)c (0.52) (1.45) 

0.52 0.60 1.24 

(0.46) (0.54) (1.16) 

0.53 0.66 01.04 1.48 

(0.48) (0.60) (0.98) (1.43) 

0.52 0.68 0.93 1.26 

(0.46) (0.60) (0.87) (l.19) 

0.63 1.20 

(0.54) (1.08) 

0.66 1.12 1.38 

(0.59) (1.05) (1.33) 

0.62 0.77 0.96 1.05 

ESo 
(V)) 

1.47 

(0.57) (0.74) (0.91) (LOI) (1.43) 

HOMO" LUMd 
(eV) (eV) 

2.56 -4.82 -2.26 

2.39 -4.87 -2.48 

2.32 -4.88 -2.56 

2.28 -4.90 -2.62 

2.22 -4.89 -2.64 

2.56 -4.93 -2.37 

2.36 -4.91 -2.55 

29 

"Measured using a platinum rod counter electrode, a glassy carbon working electrode and a SCE 

reference electrode in CH2Cl2 containing n-Bu4NPF 6 as a supporting electrolyte with scan rate of 

0.05 V /sunder argon atmosphere, bPeak potential, cHalf-wave potential, "Estimated from the onset 
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of the absorption spectra (Eg = 1240/A.onset), °Calculated using the empirical equation from HOMO 
f 

= -(4.44+Eonset), Calculated from LUMO = HOMo+Eg 

2.5 Thermal property 

Thermal Analysis is based upon the detection of changes in the heat content (enthalpy) 

or the specific heat of a sample with temperature. As thermal energy is supplied to the sample its 

enthalpy increases and its temperature rises by an amount determined, for a given energy input, by 

the specific heat of the sample. The specific heat of a material changes slowly with temperature 

in a particular physical state, but alters discontinuously at a change of state. As well as increasing 

the sample temperature, the supply of thermal energy may induce physical or chemical processes 

in the sample, e.g. melting or decomposition, accompanied by a change in enthalpy, the latent heat 

of fusion, heat of reaction etc. Such enthalpy changes may be detected by thermal analysis and 

related to the processes occurring in the sample. Thermal analysis encompasses a wide variety of 

techniques such as : 

the measurement of heating curves, 

dynamic adiabatic calorimetry, 

differential thermal analysis, DT A 

differential scanning calorimetry, DSC 

thermogravimetry, TG 

thermal mechanical analysis, TMA 

dynamic mechanical thermal analysis, DMT A 

The thermal property of PT4, PT5 and PT6 were measured by differential scanning 

calorimetry (DSC) and thermogravimetric analysis (TGA) as solid samples. PT2, PT3, PTlF and 

PT2F were not investigated since the products are oil and semi-solid. The thermograms of 

oligothiophenes are shown in Figure 2.15 and 2.16 and are summarized in Table 2.3. PT4 shows 

Tm transition at 237.60 QC indicating that the solid structure is crystalline phase. Moreover, PT4 

shows high degradation temperature at 271 QC. PT5 shows glass transition (Tg) at 193.5 °C and 

quite high Td at 277 QC. The PT6 shows Ts transition at 203.9 QC while the TGA show 5% weight 

lost (Td) at 227 °C. The results confirm that oligothiophenes is thermal stable. 
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Figure 2.15 The thermograms of DSC plot of PT4, PT5 and PT6 
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Figure 2.16 TGA plot of PT4, PT5 and PT6 

Table 2.3 The DSC and TGA results of PT4, PT5 and PT6 

Compound T (°C) 

PT4 

PT5 

PT6 

193.50 

203.90 

237.60 271 

277 

227 

31 
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2.6 Computational calculation 

The optimized structure and frontier molecular orbital were calculated by 

DFT/B3LYP/6-31G9(d,p) method. According to the requirement of OFET materials, the 

molecular structure of the desired molecules should be planar. The optimized structure of 

oligotbiophenes reveals that molecular structure of all target molecules is planar. At HOMO level 

the electrons distribute at Jt-conjugation backbone while LUMO level the electrons distribute at 

anti-bonding atom as shown in Figure 2.18. 
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PT2F 

LUMO 

HOMO 

Figure 2.17 Optimized structure of oligothiophenes derivatives. 

2. 7 Conclusion 

A series of oligotbiophenes was successfully synthesised and characterized using 

combination of alkylation, bromination, Suzuki coupling and Stille coupling reactions. The 

optical properties in DCM solution reveal that the increasing of thiophene units affect to the 

absorption and emission wavelength in the trend of longer wavelength. All desired compounds 

show good reversible electrochemical property. PT4, PT5 and PT6 show a thermal stable at high 

temperature. Accordingly, the computational calculation shows the arrangement of molecules in 

planar. 



.. 

CHAPTER3 

NOVEL DYE SENSITIZERS BASED ON ANILINE-THIOPHENE FOR 

DYE-SENSITIZED SOLAR CELLS (DSSCs) 

3.1 Introduction 

There are two main ways in which the efficiency of a DSSC can be improved: extend 

the light-harvesting region into the near-infrared (NIR), and lowering the redox potential of the 

electrolyte to increase V oc· Using a dye that absorbs more wavelengths in the NIR, say to around 

940 nm, while still to be able to generate and collect the charge carriers efficiently, could increase 

the current by over 40%. 

Organic dyes have attracted much interest in recent years as they offer several 

advantages over their ruthenium-based predecessor including structural modification through rich 

synthetic protocols, lower cost large-scale production, reduced environmental and toxicity issues 

and high molar extinction coefficients. [100] One of the main goals in this area has been focused 

upon improving the power-conversion-efficiency of these systems through structural 

modification.[101] In general, these systems feature donor (D) and acceptor (A) systems separated 

by a :rt-conjugated bridge (D-:rt-A). For example, triphenylamine derivatives have been commonly 

utilised as the electron donor (D), whilst a cyanoacrylic acid moiety acts as the electron acceptor 

(A) and anchoring unit in the D-:rt-A structure. [102] Various :rt-conjugated bridges, such as 

benzene, thiophene and benzothiadiazole, have been introduced to broaden their absorption 

towards the near-infrared region. Interestingly, studies have shown that in addition to optimise 

the optical properties of the dye, the increase of the number ofthiophene :rt-bridging units tends to 

result in an increase in power conversion efficiency. [103] Another important goal is to develop 

systems that may be accessed through short and simple synthetic routes for more widespread 

implementation in lower cost applications. [104] 

Recently Al-Eid et al., presented aniline based metal free dyes were synthesised and 

characterized. The DSSCs based on dye 6 and 7 reveal that an increase of thiophene units 

decreases the oxidation and reduction potential and consequently the band gap of the molecule 

compared to 6. Furthermore, increasing the length of the conjugated spacer also affects on the 

properties of the DSSCs, with dye 7 providing a higher power conversion efficiency (PCE) 

compared to 6 (fl= 4.49 versus 3.23%). [105] 
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In this work a series of dialkylaniline dyes with various :TC-bridge were synthesised 

and fully characterized. The optical and electrochemical properties have also been investigated. 

The devices were fabricated in order to evaluate the power conversion efficiency. 

3.2 Synthesis 

In order to obtain the desired dyes, their aldehyde derivatives would be synthesised. 

The aldehyde compounds were successfully synthesised using Suzuki coupling reaction of bromo 

reagents and appropriated aldehyde boronic acids as shown in Scheme 3.1. The reaction 

condition was performed as in the literature [106] using Pd(PPh3) 3 as catalyst in the presence of 

NlliC03 as base in THF at reflux for 24h following by column chromatography (silica gel, 

hexane:DCM) to give 5'-(4-(N,N-dioctylamino)phenyl)-[2,2'-bithiophene]-5-carbaldehyde (10, 

77%), 5-benzaldehyde-4-thiophene-N,N-dialkylaniline (11, 63%) and 4-(5'-benzaldehyde-[2,2'­

bithiophen])-N,N-dioctylaniline (12, 90%), respectively. 

C8H17-o-& Pd(PPh3)4 

~ ~ h Br N!iiC03 
C

8
H

17 
- THF 

5 

10, 77% 

HO:BzyO 

HO - 11, 63% 

CsH1~-0{07; 
HO:BzyO 

HO -
N ~ h Br .. 

CH - 2 Pd(PPh3) 4 
8 17 N!liC03 

7 THF, 90% 12 

Scheme 3.1 Synthetic routes of the aldehyde intermediates 

The chemical structure of aldehyde 10 was confirmed by 
1
H-NMR analysis. The 

1
H­

NMR spectrum shows a triplet peak at a chemical shift of 3.29 ppm (4 protons, J = 7.8 Hz) 
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assigned as the protons of the alkyl chain next to the N-atom and a singlet peak at a chemical shift 

of 9.83 ppm (1 proton) assigned as the proton of the aldehyde unit. The 
1
H-NMR spectrum of 11 

shows a triplet peak at 3.30 ppm (4 protons, J= 7.8 Hz) assigned as the protons of the alkyl chain 

next to the N-atom, a doublet peak at a chemical shift of 7.85 ppm (2 protons, J = 8.1 Hz) 

assigned as the protons of the phenyl ring at the C-atom next to the cabonyl group and a singlet 

peak at a chemical shift of 9.98 ppm (1 proton) assigned as the proton of the aldehyde unit. The 

chemical structure of 12 was confirmed by 
1
H-NMR analysis. The triplet peak at a chemical shift 

of3.3 l ppm (4 protons, J = 7.5 Hz) was assigned as the protons of the alkyl chain at C-atom next 

which attached to N-atom. The singlet peak at a chemical shift of 10.00 ppm with 1 proton 

assigned as the aldehyde proton was found. 

The synthetic pathways of the dye products, the Knoevenagle condensation, are 

depicted in Scheme 3.2. The aldehyde resultants were reacted with cyano acitic acid in the 

presence of ammonium acetate in acetic acid. The reaction mechanism are discribed in Scheme 

3 .3. The first step is to generate enalate anion by ammonia then the attack at of anion on aldehyde 

occured, followed by an ElcB elimination to give an unsaturated carbonyl compound. [107] After 

purified by column chromatography, the aniline-thiophene dyes were obtained in yield of 68% for 

PT2dye, 77% for PTlPdye and PT2Pdye 41 %, respectively. 

CgHi!i7~' S p 
cI-i - ~~ ~/) 

s 11 n 
11, n = l 
12, n = 2 

NC-COOH 
)lo 

NHpAC 
Ac OH 

NC-COOH 
)lo 

NHpAC 
AcOH 

Scheme 3.2 Synthetic routes of PT dyes 

NC 

C8Hi!i7 n ,,S... ,,.S... j--COOH 

cl-i~ 8 17 
PT2dye, 68% 

n = l, PTlPdye, 77% 

n = 2, PT2Pdye, 41 % 

COOH 

The chemical structures of the desired dyes were confirmed by IR analysis. The IR 

spectrum of PT2dye shows peak at 2212 cm-
1 

assigned as the C-N stretching and 0-H stretching 

was assigned at 3411 cm-
1
• The MALDI mass spectrometry analysis shows the molecular ion 

peaks centered at m/z = 576.173 corresponding to an expect M+. mass ion of PT2dye. The IR 

spectrum of PTlPdye shows the transmittance peak at 3,400 cm-
1 

assigned as the 0-H stretching 

and a c=N stretching was observed at 2212 cm-
1

• The MALDI mass spectrometry analysis shows 

the molecular ion peaks centered at m/z = 570.6 corresponding to an expect M+. mass ion of 
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PTlPdye. PT2Pdye's structure was confirmed by IR analysis. The IR spectrum shows the 0-H 
~ - ~ 

stretching peak at 3338 cm and C N stretching at 2212 cm . The MALDI mass spectrometry 

analysis shows the molecular ion peaks centered at m/z = 652.256 corresponding to an expect M+ . 

mass ion of PT2Pdye. The products were soluble in chlorinated solvents and tetrahydrofuran at 

room temperature. 

O} 
N~ II : NJ.I 
~c ~·, 'c) 'ott 

I\ 
H 

N~LH ~c 

-:?"' Ar 

0 OH 

Scheme 3.3 Knoevenagel condensation mechanism 

3.3 optical properties 

-H 0 
.... 2 

The optical properties were measured in dichloromethane solution for PT2dye and 

PTlPdye. PT2Pdye was investigated in dimethyl sulfoxide solution since it does not dissolve in 

dichloromethane. The optical spectra are shown in Figure 3.2, 3.3 and summarized in Table 3.1. 

The absorption spectra show the intramolecular charge transfer (ICT) absorption locating around 

420 nm. [108] The absorption spectrum of PT2dye reveals the board absorption wavelength and 

the maxima absorption peak at 466 nm assigned as the ICT absorption, which is the longest 

wavelength due to the longest conjugation itself. The board absorption band leads to the effective 

light harvesting. PTlPdye exhibited, a blue-shift absorption compared with PT2dye, a maxima 

absorption band at 335 and 435 nm indicating that the replacing of thiophene unit by phenyl ring 

decrease the conjugation length. 



. . 

•. 

39 

-Pl'2dye 
1.0 - PTIPdye ,., 

··-PT2Pdye I \ 
I \ 

$ 0.8 
I \ 
I 

·a I 
I .!! I .s I 

"' 0.6 I .. :a 
~ 
0 

0.4 ~ 
,; 
< 

0.2 

0 ------
300 400 500 600 700 

Wavelength {run) 

Figure 3.2 The absorption spectra of PT2dye, PTlPdye and PT2Pdye 

PT2Pdye showed the most blue-shift absorption peak at 424 run. An alternative 

explanation for the blue shift observed for the dyes in polar aprotic solvents may be explained on 

the basis of protonation and deprotonation of the dyes. It is possible that the carboxylic acid is 

partially deprotonated in the ground state. Such a deprotonation would reduce the electron­

accepting ability of the acceptor moiety, which in turn may substantially decrease the donor­

acceptor interaction in the dye. This will manifest as a blue shift in the absorption spectfl.!ll1. [109, 

llO] 
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Figure 3.3 Fluorescence spectra of PT2dye, PTlPdye and PT2Pdye 
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The photoluminescence spectra reveal the maxima emission peak of PT2dye, PTlPdye 

and PT2Pdye 586 nm, 547 nm and 528 run, respectively which related to the absorption peaks. 

The emission is completely quenched. This probably indicates the presence of a noticeable dipole 

in the donor-acceptor compounds due to extensive polarization, which may interact with the 

solvent dipole and trigger a nonradiative relaxation of the excited state by electron transfer. [109] 

Table 3.1 The summary of Absorption and fluorescence data of PT2dye, PTlPdye and PT2Pdye 

Compound A. .... of absorbance A.., .. (nm) (log E) A. mas of emission 

(nm)• (nm)b 

PT2dye 365,466 367 (3.99), 586 

466 (4.13) 

PTlPdye 335,435 335 (4.26), 547 

435 (4.28) 

PT2Pdye 424 424 (4.46) 528 

"Measured in dilute CH2Cl
2 

and DMSO solution, bExcited at the absorption maxima 

3.4 Electrochemical property 

The cyclic voltammogram and different pulse voltammogram of the PT2dye was 

measured in dry dichloromethane solution (Figure 3.4). The radical cation of aniline was 

observed at half-wave potential of 0.62 V vs Ag/Ag+ while the reversible oxidation peak at half­

wave potential of l.20 V vs Ag/Ag+ belongs to radical cation of thiophene moiety. The reduction 
• + 

peaks at half-wave potential of -0.82 and -1.14 V vs Ag/ Ag were found. 
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Figure 3.4 Cyclic voltammogram of target molecules PT2dye 
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The reversible oxidation peak of aniline radical cation was found at half-wave 

potential 0.61 V vs Ag/Ag+, as shown in Figure 3.5. The second reversible oxidation peak at half­

wave potential of 1.25 V vs Ag/ Ag+ indicates the thiophene radical cation. The reversible 

reduction peak of cyanoacetic acid was observed (-0.85 V vs Ag/ Ag\ 
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Figure 3.5 Cyclic voltammogram of target molecules PTlPdye 

Due to the poor solubility of PT2Pdye in dichloromethane, the electrochemical 

property was performed in dimethyl sulfoxide solution. The irreversible oxidation peaks at half­

wave potential of 0.57 and 1.05 V vs Ag/Ag+ were obtained. The reversible reduction peak was 

found at half-wave potential of -0.75 V vs Ag/Ag•. 

-PT2Pdye 

6xl0~ 

4 

0 -----
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Figure 3.6 Cyclic voltammogram of target molecules PT2Pdye 
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According to the optical and electrochemical properties, the energy levels can be 

calculated and shown in Table 3.2. The PT2dye shows the lowest Et>-0 of 2.44 eV. The HOMO 

and LUMO level of these target molecules matches well with the conduction band of Ti02 (-4.2 

eV vs SCE) ·and redox potential (-4.8 eV vs SCE) of electrolyte which means we can use all 

chemical as dye-sensitisers. 

Table 3.2 Cyclic voltammetric results for PT2, PT3, PT4, PTS, PT6, PTlF and PT2if 

E10 E2o Eire E1 .. 
E.,. 

HOMO" LUMd Compound d 

(V) (V) (V) (V)) 0 (eV) (eV) 

(eV) 

PT2dye 0.75b l.32 -1.05 

(0.62)
0 

2.44 -4.88 -2.44 
(l.20) (-0.82) (-l.14) 

PTlPdye 0.69 l.38 -0.90 
2.49 -4.91 -2.42 

(0.61) (l.25) (-0.85) 

PT2Pdye 0.84 l.08 -0.69 
2.48 -4.96 -2.48 

(0.57) (l.05) (-0.75) 

"Measured using a platinum rod counter electrode, a glassy carbon working electrode and a SCE 

reference electrode in CH2Cl2 containing n-Bu4NPF 6 as a supporting electrolyte with scan rate of 

0.05 V/s under argon atmosphere, bPeak potential, °Half-wave potential, "Et>-o was estimated from 

the intersection between the absorption and emission spectra, °Calculated using the empirical 

equation from HOMO= -(4.44+E
00

sc1), rCalculated from LUMO =HOMO+ Es 

3.5 Computational calculation 

Table 3.3 Computational modeling of PT dyes. 

Compound 

PT2dye 

PTlPdye 

PT2Pdye 

HOMO 

.,,, .. t.,t..,l:~ 

'''"~~!:~ 
. .,,, ..... ~~~l:: 

LUMO 
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The optimized structure and frontier molecular orbital were calculated by 

DFT/B3LYP/6-31G9(d,p) method (Table 3.3). At HOMO level the electrons distribute at donor­

bridge (bonding orbitals) while LUMO level the electrons distribute at bridge-acceptor (anti­

bonding orbitals) indicating that there is electron transferring in dye molecules. This phenomena 

explains the intramolecular charge transfer absorption peak in absorption spectra. 

3.6 Devices performance 

Figure 3.7 shows the incident monochromatic photon-to-current conversion 

efficiencies (IPCEs) obtained with a sandwich-type two electrodes cell. The dye-coated Ti0
2 

film 

was used as the working electrode, platinized FTO glass as the counter electrode and 0.5 M Lil, 

0.05 M 12 and 0.4 M PY in gamma-butyrolactone and N-methylpyrroridone (volume ratio, 7: 3) 

mixture solution as the redox electrolyte. 

so 
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Figure 3. 7 Spectra of monochromatic incident photon-to-current conversion efficiencies (IPCEs) 

for DSSCs based on PT2dye, PTlPdye and PT2Pdye 

The IPCE exceeds 60% in the spectral range 440-490 nm for PT2dye, which reaches 

its maximum of 63.1% at 470 nm. The IPCE of PTlPdye reached a maximum (76.3%) at 439 

nm. The IPCE of PT2Pdye shows very low value due to the poor solubility of dye itself. All 

aniline dyes exhibit lower IPCE and narrower absorption than N719. These results will lead to 

lower performance of aniline based dye-sensitised solar cells. 
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Figure 3.8 J-V curves of DSSCs based on PT2dye, PT1Pdye and PT2Pdye 

The performance statistics of the devices are also listed in Table 3.4. An overall 

conversion efficiency (rJ) of 3.55% was achieved from the DSSC based on the dye PT2dye 
_, 

(short-circuit photocurrent density, Jsc = 7 .69 mA cm-; open-circuit photovoltage, V oc = 0.63 V; 

fill factor, ff= 0.73). This efficiency is higher than the efficiency of 3.38% (short-circuit 
_, 

photocurrent density, ]SC= 7.56 mA cm-; open-circuit photovoltage, voe= 0.64 V; fill factor, ff= 

0.70) obtained from the DSSC based on the dye PT1Pdye because the PT2dye has longer 

conjugation and higher molar extinction coefficient. 

Table 3.4 Photovoltaic performance ofDSCs based on PT2dye, PT1Pdye and PT2Pdye 

Sample Jsc(mA cm") v ocM ff 1/ (%) 

N719 11.21 0.70 0.69 5.39 

PT2dye 7.69 0.63 0.73 3.55 

PTlPdye 7.56 0.64 0.70 3.38 

PT2Pdye 4.54 0.57 0.71 1.85 

3.7 Conclusion 

A series of dialkylaniline dyes with thiophene phenylene bridge was successfully 

synthesised and characterized. The desired molecules (PT2dye and PT1Pdye) can be dissolved 

in chlorinate solvent at room temperature. The PT2Pdye is soluble in dimethyl sulfoxide. The 

intramolecular charge transfer can be observed by absorption band around 420-460 nm. The 
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computational calculation confirmed the intramolecular charge transfer occurring in excited state. 

The DSSC devices base on PT2dye show the highest performance with an overall power 

conversion efficiency at 3.55% (short-circuit photocurrent density, Jsc = 7.69 mA cm-
2

; open­

circuit photovoltage, V"'" = 0.63 V; fill factor, ff= 0.73) . 



CHAPTER4 

NOVEL D-3t-A DYE SENSITISERS: SYNTHESIS, CHARACTERIZATION 

AND DEVICES PERFORMANCE 

4.1 Introduction 

Phenothiazine-based dye contains electron-rich nitrogen and sulfur heteroatoms in a 

heterocyclic structure with high electron-donating ability, and its non-planar butterfly con­

formation can sufficiently inhibit molecular aggregation and the formation of intermolecular 

excimers. [54, 106] Meanwhile, the 10-substituent on N can further enhance the charge separation 

at the oxide solution interface. Furthermore, the two phenyl groups are arranged in a small torsion 

angle related to the N(lO) and S(9) atoms, so that Jt-delocalization can be extended over the entire 

chromophore. [111-113] The structural features of phenothiazine-based dye make it a promising 

type of sensitisers for DSSCs. The molecular engineering of sensitisers can enhance the charge 

separation at the oxide solution interface. As a result, certain structural modifications of this kind 

of dye give moderate improvement of the PCEs. Hua et al. reported the high efficiency of DSSCs 

using phenothiazine-based dye with Jsc= 14.75 mA cm-
2

, Voe= 0.79 V, ff= 0.68 and 1J = 8.08% 

from PT-C6 based devices. [114] They found that the alkyl substituents with different chain length 

at the N(l 0) atom of phenothiazine could further optimise the performance through completely 

shielding the surface of Ti02 from the f/13- electrolyte and subsequently reducing the leakage of 

dark current. CH .0% 6 13 I 
~ ~ S~~ COOH 

I..&: I..&: CN 
N 

I 

R 

Figure 4.1 Chemical structure of phenothiazine based dyes 

PT-C2, R =Ethyl 

PT-C6, R = 1-Hexyl 

PT-C8, R = 1-0ctyl 

PT-C12 , R = 1-Dodecyl 

Coumarin derivatives have been used successfully as organic dye photosensitisers in 

DSSC, Hara and co worker reported the DSSC based on coumarin dyes with good performance. 

[50, 52, 53] 

Herein we reported the synthesis and characterization of phenothiazine- and 

coumarin-base dyes. The optical, electrochemical and thermal properties have also been studied. 

The DSSC based on desired dyes shows the highest performance at 4.33% under AM 1.5 G. 



47 

4.2 Synthesis 

4.2.1 Synthesis of Phenothiazine derivatives dyes 

To obtain (E)-2-cyano-3-( 4-(7-(3,6-di-tert-butyl-cabazol-9-yl)-10-octyl-pheno­

thiazine-3-yl)phenyl)acrylic acid, the phenothiazine was alkylated with bromooctane using 50% 

wt/v NaOH solution as base and tetrabutylammonium bromide as phase transfer catalyst in 

DMSO to give 10-octylphenothiazine (14) 92% yield as yellow oil (Scheme 4.1). The chemical 

structure of 14 was confirmed by 
1
H-NMR analysis, which shows the triplet peak at chemical shift 

of 3.95 ppm (2 protons, J = 6.7 Hz) assigned as the protons of alkyl chain next to N-atom. 

Moreover, a doublet peak at chemical shift of 7.29 ppm (4 protons, J = 7.6 Hz) assigned as the 

protons of aromatic ring was also observed. Then the electrophilic aromatic bromination was 

used to obtain 3,7-dibromo-10-octylphenothiazine (15) 98% yield as brown oil. The 
1
H-NMR of 

the resultant confirmed that there were bromide substituting at C-3 and C-7 position since a 

doublet peak at chemical shift of 6.64 ppm (2 protons, J = 8.5 Hz) assigned as the protons of 

aromatic ring at C-1 and C-9 position was observed. 

The dibrominated compound 15 was further reacted with 3,6-di-tert-butyl 

cabazole under Ullmann coupling reaction. [115) The reaction was carried using Cul as catalyst 

and (±)-trans-1,2-diaminocyclohexane as ligand and Kl04 as base in toluene. The reaction 

mixture was heated at reflux for 48h then the reaction was cooled to room temperature and 

washed with water. The crude product was purified by column chromatography (silica gel, 

hexane) to give 3-bromo-7-(3,6-di-tert-butyl-carbazol-9-yl)- l 0-octyl-phenothiazine (16) as white 

solid 75% yield. The chemical structure of 16 was confirmed by 
1
H-NMR analysis. The 

1
H-NMR 

spectrum shows a triplet peak at chemical shift of 4.02 ppm (2protons, J = 6.6 Hz) assigned as the 

protons of alkyl chain next to N-atom and a singlet peak at chemical shift of 8.24 ppm (2 protons) 

assigned as the protons at C-4 and C-5 position of cabazole indicating that there was the 

substitution of carbazole to phenothiazine ring. To obtain aldehyde compound 17, the bromo 

compound 16 was reacted with 4-formyl-phenylboronic acid using Pd(PPh
3
)

4 
as catalyst and 

N~C03 as base in THF. The reaction was heated at reflux for 24h, the reaction mixture was 

cooled to room temperature and washed with water followed by purified using column 

chromatography (silica gel, hexane:DCM) to give 4-(7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl­

phenothiazin-3-yl)benzaldehyde (17) in 30% yield as orange solid. The chemical structure of 

aldehyde 17 was confirmed using IR and 
1
H-NMR. The IR spectrum of 17 shows a peak at 1700 

cm·• assigned as the C=O stretching of aldehyde. The 
1
H-NMR spectrum shows a triplet peak at 

chemical shift of 3 .88 ppm (2 protons, J = 6.6 Hz) assigned as the protons of alkyl chain next to 

N-atom and a singlet peak at chemical shift of 10.06 ppm (1 proton) assigned as the a proton of 

aldehyde group. The last step is Knoevenagel condensation of aldehyde and cyanoacetic acid in 
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the presence of pipericline in chloroform [116] afforded (E)-2-cyano-3-(4-(7-(3,6-di-tert-butyl­

cabazol-9-yl)-10-octyl-phenothiazine-3-yl)phenyl) acrylic acid (PbCPdye) as red solid in 73% 

yield. The chemical structure of PbCPdye was confirmed using IR and 
1
H-NMR analysis. The IR 

·I • - . ·I 
spectrum shows a peak at 2215 cm assigned as the C N stretching and a peak at 1617 cm 

assigned as the C=O stretching. The 
1
H-NMR spectrum reveals a singlet peak at chemical shift of 

3.92 ppm (2 protons) assigned as the protons of alkyl chain next to N-atom but no peak at 9-10 

ppm was found indicating that the aldehyde was completely reacted with cyanoacetic acid. The 

product was soluble in chlorinated solvents and tetrahydrofuran at room temperature. 

oc:D 
H 

13 

bromooctane 
NaOH, Bu

4
N+Br· 

DMS0,92% 

Scheme 4.1 Synthetic route of PbCPdye 

NBS,THF 

98% 

Pd(PPh3)4 
N31C03, THF 

60% 

Br~S 'l(YBr----. 

~N~ H2N ,NH, 

15 CgH17 0 HN 

Cul,JSP04 
Toluene, 75o/i 

In order to obtain (E)-2-cyano-3-(4-(5-(7-(3,6-di-tert-butyl-carbazol-9-yl)-10-

octyl-phenothiazin-3-yl)thiophen-2-yl)phenyl)acrylic acid, firstly bromo-phenothiazine 16 was 

reacted with 2-thiophene boronic acid under Suzuki coupling reaction (Scheme 4.2). In this 

condition used Pd(PPh3) 4 as catalyst and N11iC0
3 

as base in THF. The reaction was heated at 

reflux for 24h. Crude product was purified by column chromatography (silica gel: hexane:DCM) 

gave 3-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl-7-(thiophen-2-yl)-phenothiazine (18) as 

yellowish solid 75% yield. The chemical structure was confirmed by 
1
H-NMR analysis. The 

1
H­

NMR spectrum shows a triplet peak at chemical shift of 4.08 ppm, (2 protons, J = 7.20 Hz) 

assigned as the protons of alkyl chain next to N-atom and singlet peak at chemical shift of 8.28 

ppm (2 protons) assigned as the protons of C-4 and C-5 atom in carbazole ring. The thiophene-
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phenothiazine 18 was brominated using NBS in THF in order to get bromo-substituted (19) as 

yellowish solid in 86% yield. This reaction follows electrophilic aromatic substitution mechanism 

with selected at C-2 position of thiophene ring due to the highest electrophile atom. The chemical 

structure was confirmed by 
1
H-NMR analysis. The 

1
H-NMR spectrum shows a doublet peak at 

chemical shift of7.18 ppm (I proton, J= 3.6 Hz) assigned as the proton ofC-3 atom ofthiophene 

ring. 

The aldehyde compound 20 was obtained using Suzuki coupling reaction. 

According to reaction condition, Pd(PP~)4 was used as catalyst in the presence ofN~C03 as base 

in THF. The reaction mixture was heated at reflux for 24h, followed by purification using column 

chromatograpy (silica gel, hexane:DCM) to give 4-(5-(7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl 

phenothiazin-3-yl)thiophen-2-yl)benzaldehyde 20 as orange solid in 64% yield. The chemical 

structure was confirmed by IR and 
1
H-NMR analysis. The IR spectrum of 20 shows a 

transmittance peak at 1695 cm-
1 

assigned as the C=O stretching of aldehyde unit. The 
1
H-NMR 

spectrum shows a singlet peak at chemical shift of 9.99 ppm (I proton) assigned as the proton of 

aldehyde group. 

Pd(PPh
3
) 4 

NlliC03, THF 
75% 

r~~'((s~ 
--- ~' 0 N 
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3
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Nc .......... cooH 
piperidine 
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I 

CsH11 

PhCTlPdye 

Scheme 4.2 Synthetic route of PhCTlPdye 
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The last step is Knoevenagel condensation of aldehyde and cyanoacetic acid in 

the presence of piperidine in chloroform afforded (.E)-2-cyano-3-(4-(5'-(7-(3,6-di-tert-butyl-

carbazol-9-yl)-l 0-octyl-phenothiazin-3-yl)-[2,2'-bithiophen]-5-yl}phenyl)acrylic acid 

(PbCTlPdye) as red solid in 73% yield. The chemical structure of PhCTlPdye was confirmed 

using IR and 
1
H-NMR analysis. The IR spectrum shows a peak at 2215 cm-

1 
assigned as the C N 

stretching and a peak at 1613 assigned as the C=O stretching. The 
1
H-NMR spectrum reveals a 

singlet peak at chemical shift of 4.07 ppm (2protons, J = 6.6 Hz) assigned as the protons of alkyl 

chain next to N-atom but no peak at 9-10 ppm was found indicating that the aldehyde was 

completely reacted with cyanoacetic acid. The product was soluble in chlorinated solvents and 

tetrahydrofuran at room temperature. 

19 
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NazC03, THF 

24% 

!NC.....,COC>H 

:_, ~CHCl3,71% 

N'(XS 
~I COOH 

N NC 

CgH17 

PhCT2Pdye 

Scheme 4.3 Synthetic route of PhCT2Pdye 

The synthetic route of PhCT2Pdye is shown in Scheme 4.3. Firstly, brominated 

compound 19 was reacted with 2-thiopheneboronic acid using Pd(PPh)4 as catalyst and N'1iC0
3 

as base in THF. The reaction follows Suzuki coupling mechanism as describe in Chapter 2. 3-

([2,2'-Bithiophen]-5-yl)-7-(3,6-di-tert-butyl-carbazol-9-yl)-l 0-octyl-phenothiazine (21) was 

obtained after purification as yellowish solid in 86% yield. The resultant was further brominated 

using NBS in THF to give 3-(5'-bromo-[2,2'-bithiophen]-5-yl)-7-(3,6-di-tert-butyl-carbazol-9-yl)-
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10-octyl-phenothiazine (22) as yellow solid in 82% yield. The chemical structure of 22 was 

confirmed by 
1
H-NMR analysis. The 

1
H-NMR spectrum shows a doublet peak at chemical shift 

of 7.04 ppm (2 proton, J = 3.6 Hz) assigned as the proton of C-3 atom of thiophene ring. The 

aldehyde compound 23 was synthesised using Suzuki coupling reaction between brominated 

compound 22 and 4-formyl-phenylboronic acid, under this condition Pd(PPh3) 4 was used as 

catalyst and N~C03 as base in THF. The reaction mixture was heated at reflux for 24h, followed 

by purified by column chromatography (silica gel, Hexane:DCM) to give 4-(5'-(7-(3,6-di-tert­

butyl-carbazol-9-yl)-l 0-octyl-phenothiazin-3-yl)-[2,2'-bithiophen]-5-yl)benzaldehyde (23) as 

orange solid in 24% yield. The chemical structure of 23 was confirmed by IR and 
1
H-NMR 

analysis. The IR spectrum shows a transmittance peak at 1695 cm-
1 

assigned as the C=O 

stretching of aldehyde unit. The 
1
H-NMR spectrum shows a singlet peak at chemical shift of 9.99 

ppm (1 proton) assigned as the proton of aldehyde group. 

The target molecule PhCT2Pdye was successfully synthesised using 

Knovenagel condensation of aldehyde 23 and cyanoacetic acid in the presence of piperidine in 

chloroform. The reaction mixture was heated at reflux for 24h, followed by precipitation in mix 

solvents (MeOH:DCM) to give 2-( 4-(5'-(7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl-phenothiazin 

-3-yl)-[2,2'-bithiophen]-5-yl)benzylidene)malonic acid (PhCT2Pdye) as red solid 71 % yield. The 

chemical structure of PhCT2Pdye was confirmed by IR and 
1
H-NMR analysis. The IR spectrum 

shows a peak at 2215 cm-
1 

assigned as the C N stretching and a peak at 1617 cm-
1 

assigned as the 

C=O stretching. The 
1
H-NMR spectrum reveals a singlet peak at chemical shift of 3.92 ppm (2 

protons) assigned as the protons of alkyl chain next to N-atom but no peak at 9-10 ppm was found 

indicating that the aldehyde was completely reacted with cyanoacetic acid. The product was 

soluble in chlorinated solvents and tetrahydrofuran at room temperature. 

The synthetic pathway of PhCT3dye is shown in Scheme 4.4. Bromo­

bithiophene 22 was coupled with 5-formyl-2-thiopheneboronic acid under Suzuki coupling 

reaction. The reaction mixture was heated at reflux for 24h, followed by purification by column 

chromatography (silica gel, hexane:DCM) to give 5"-(7-(3,6-di-tert-butyl-carbazol-9-yl)- l 0-octyl­

phenothiazin-3-yl)-[2,2':5',2"-terthiophene]-5-carbaldehyde (24) as orange solid in 45% yield. 

The resultant was further reacted with cyanoacetic acid under Knoevenagel condensation in the 

presence of piperdine in chloroform. The crude product was precipitated by mix solvent 

(MeOH:DCM) to give (E)-2-cyano-3-(5"-(7-(3,6-di-tert-butyl-carbazol-9-yl)- l 0-octyl-pheno­

thiazin-3-yl)-[2,2':5',2"-terthiophen]-5-yl)acrylic acid (PhCT3dye) as red solid in 45% yield. The 

chemical structure of PhCT3dye was confirmed using IR analysis. The IR spectrum shows a 

peak at 2213 cm.
1 

assigned as the C N stretching and a peak at 1614 cm-
1 
assigned as the C=O 

stretching. The MALDI mass spectrometry analysis shows the molecular ion peaks centered at 
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mlz = 932.1 corresponding to an expect M+. mass ion of phenothiazine dye. The product was 

soluble in chlorinated solvents and tetrahydrofuran at room temperature. 

22 

Scheme 4.4 Synthetic route of PhCT3dye 
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To obtain the coumarin base dye, the aldehyde (26) was obtained by Suzuki 

coupling between brominated compound 25 and 5-formyl-2-thiopheneboronic acid at reflux for 

24h. The chemical structure of aldehyde resultant was confirmed by IR and 
1
H-NMR analysis. 

The IR spectrum shows a C=O stretching at 1698 cm-• which confirms the carbonyl group in the 

product The
1
H-NMR spectrum of aldehyde shows a multiplet peak at chemical shift of3.35-3.40 

ppm (4 protons) assigned as the the proton of alkyl chains next to N-atom and a singlet peak at 

chemical shift of 9.79 ppm (l proton) assigned as the a proton of aldehyde. The CoT3dye was 

obtained using Knoevenagel condensation of aldehyde and cyanoacetic acid in the present of 

piperidine in chloroform in 43% yield. The chemical structure of desired product was confirmed 

by IR analysis and mass spectroscopy. The IR spectrum shows a peak at 2203cm-
1 
assigned as the 

C-N stretching and a peak at 1615 assigned as the C=O stretching. The MALDI mass 

spectrometry analysis shows the molecular ion peaks centered at m/z = 558.022 corresponding to 
+ 

an expect M · mass ion of coumarin dye. The product was soluble in chlorinated solvent and 

common organic solvents. 



53 

\ HO 0 \ 
~N ''fr ~N 

HO.B ~ /J 

Br Pd(PPl1J)4 

0 N32C03 

25 THF,60% 26 ! NC~COOH 
\ 

piperidine 
CHCl3, 43% 

~N 
COOH 

CoT3dye 

Scheme 4.5 Synthetic route of CoT3dye 

4.3 Optical properties 

The optical properties of desired dyes were investigated in dry dichloromethane and 

dimethyl sulfoxide solution. The results were summarised in Table 4.1. The absorption properties 

of phenothiazine base dyes were measured using UV-Vis spectroscopy technique. The absorption 

spectra related to the molar extinction coefficient (E) are shown in Figure 4.2. The maxima 

absorption peaks of PhCPdye, PhCTlPdye, PhCT2P and PhCT3dye are 427 nm, 434 nm, 455 

nm and 432 nm for, respectively. These absorption peaks can be assigned as the intramolecular 

charge transfer (ICT) peaks. [54] The PhCT3dye shows the highest molar extinction coefficient 

(E) at 432 nm because it is the largest chromophore. The molar extinction coefficient (E) 

increases corresponding to the unit of chromophore. 
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Figure 4.2 The absorption spectra of PhCPdye, PhCTlPdye, PhCT2Pdye and PhCT3dye 
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CT3A was used as reference in order to compare the effect of substituent group. [117] 

The chemical structure is shown in Figure 4.3. 

Figure 4.3 The chemical structure of CT3A 
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Figure 4.4 The absorption spectra of CoT3dye and CT3A 

The absorption spectra of coumarin dyes are shown in Figure 4.4. The CoT3dye 

exhibits the maximum absorption peak at 492 nm corresponding to the ICT absorption. 

Accordingly, a large red shift from CT3A (53 nm) was observed indicating that the amino group 

donates electron density to the coumarin moiety better than alkoxyl group. 
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Figure 4.5 The photoluminescence spectra of PhCPdye, PhCTlPdye, PhCT2Pdye and 

PbCT3dye 
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The emission spectra of phenothiazine dyes are shown in Figure 4.5 and summarised 

in Table 4.1. The trend of the emission of the phenothiazine dyes is similar to their absorption. 

The PhCPdye shows the emission peak at 483 nm while the PhCTlPdye exhibits the emission 

peak at 530 nm. The PhCT2Pdye reveals a slightly larger emission peak than PhCTlPdye at 

541 nm. The largest emission peak belongs to the PhCT3dye at 656 nm due to the largest 

conjugated f the trithiophene moiety. 

The fluorescence spectra of coumarin dyes are shown in Figure 4.6. The CoT3dye 

exhibits the emission peak at 578 nm which is red-shifted from the emission peak of CT3A for 44 

nm. 
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Figure 4.6 The photoluminescence of coumarin base dyes 
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According to the optical property, the desired molecules can be used as dye-sensitiser 

in DSSC. The molar extinction coefficient relates to the 3t-bridge, PhCT3dye shows the highest 

molar extinction coefficient due to the prolonged conjugation. The CoT3dye shows the lowest 

band gap at 2.11 eV. 

Table 4.1 The optical properties results of phenothiazine and coumarin base dyes 

Compound A._ of absorbance Am .. (nm) (log E) A. m .. of emission 

(nm)" (nm)b 

PhCPdye 427 427 (4.18) 483 

PhCTlPdye 434 434 (4.35) 530 

PhCT2Pdye 455 455 (4.45) 541 

PhCT3dye 432 436 (4.48) 656 

CoT3dye 492 492 (4.60) 578 

CT3A 439 439 (-) 534 

"Measured in dilute CH2Cl2 and DMSO solution, bExcited at the absorption maxima 

4.4 Electrochemical property 

The cyclic voltammograms and different pulse voltammograms of the phenothiazine 

dyes in dichloromethane solution at scan rate of0.05V/s are shown in Figure 4.7-10. 

lOxlO°"' I- PhCPdye I 
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Figure 4.7 The cyclic voltammogram and different pulse voltammogram of PhCPdye 

PhCPdye reveals two reversible oxidation peaks with half-wave potential (E 112) at 
+ 

0.72 and 1.18 V vs Ag/ Ag , which are assigned as the formation of phenothiazine radical cation 
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and carbazole radical cation, respectively. Two reversible reduction waves at -1.21 and -1. 73 V 

Ag/ Ag+ were observed. 

PhCTlPdye reveals two reversible oxidation peaks with half-wave potential (E112) at 

0.64 and 1.11 V vs Ag/ Ag+, which are assigned as the formation of a phenothiazine radical cation 

and carbazole radical cation, respectively. The one irreversible reduction waves at -1.61 V vs 
+ 

Ag/Ag was observed. 
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Figure 4.8 The cyclic voltammogram and different pulse voltammogram of PhCTlPdye 
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Figure 4.9 The cyclic voltammogram and different pulse voltammogram of PhCT2Pdye 

PhCT2Pdye reveals two reversible oxidation peaks with half-wave potential (E112) at 

0.66 V, 1.06 V and 1.40 V vs Ag/Ag+, which are assigned as the formation of phenothiazine 
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radical cation and carbazole radical cation, respectively. The three irreversible reduction peaks at 

-1.12, -1.63 V vs Ag/Ag+ and-1.79 V were observed. 
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Figure 4.10 The cyclic voltammogram and different pulse voltammogram of PhCT3dye 

PhCT3dye shows three reversible oxidation peaks of phenothiazine radical cation, 

carbazole radical cation and thiophene radical cation at half-wave potential of 0.60, 1.14 and 1.40 

V vs Ag/ Ag+, respectively. Two reversible reduction peaks show at half-wave potential of -1.54 

and -1.74 V vs Ag/Ag+, respectively. The cyclic volfammogram and diferrential pulse 

voltammogram is shown in Figure 4.10. 
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Figure 4.11 The cyclic voltammogram and different pulse voltammogram of CoT3dye 
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The electrochemical property of CoTJdye was obtained in dimethyl sulfoxide 

solution due to poor solubility in dichloromethane. The three irreversible oxidation peaks at half­

wave potential of 0.84, 0.96 and 1.20 V vs Ag/Ag\ respectively. Two reversible reduction peaks 

(-0.81 and-1.38 V vs Ag/Ag+) were observed. 

The electrochemical results reveal the HOMO value which is above the conduction 

band of Ti Or The energy levels of all dyes fit well with the requirements for an efficient flow of 

electrons. The summary of energy level is shown in Table 4.2. 

Table 4.2 Cyclic voltammetry results for phenothiazine and coumarin base dyes 

E,,. E1,. EJre E" E1. EJ, Eo-o 
d HOMO• LUMd 

Compound 
(V) (V) (V) (V) (V) (V) (eV) (eV) (eV) 

l.27b --l.93 0.78 l.24 
PhCPdye 

(-l.21)c 
2.77 -5.06 -2.29 

(-l.73) (0.72) (1.18) 

-l.72 0.72 1.16 
PhCTlPdye 2.48 -5.0 -2.52 

(-1.61) (0.64) (1.11) 

-1.15 0.71 1.13 1.46 
PhCT2Pdye (- l.63) (-l.79) 2.43 -5.01 -2.58 

(-1.12) (0.66) (l.06) (1.40) 

-l.93 0.66 l.23 1.50 
PhCT3dye (-1.54) 2.23 -4.97 -2.74 

(-l.74) (0.60) (1.14) (1.40) 

-0.78 -1.41 0.85 0.99 I.I I 
CoT3dye 2.28 -5.12 -2.84 

(-0.81) (-l.38) (0.84) (0.96) (1.20) 

"Measured using a platinum rod counter electrode, a glassy carbon working electrode and a SCE 

reference electrode in CHiCl2 containing n-Bu4NPF 6 as a supporting electrolyte with scan rate of 

0.05 V/s under argon atmosphere, bPeak potential, cHalf-wave potential, ~o-o was estimated from 

the intersection between the absorption and emission spectra, °Calculated using the empirical 

equation from HOMO= -(4.44+E
0
nse1), rCalculated from LUMO = HOMO+Eg 

4.5 Thermal property 

The thermal property of PhCPdye, PhCTlPdye and PhCT2Pdye was measured by 

differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) as solid samples. 

The DSC plots of PbCPdye, PbCTlPdye and PhCT2dye are shown in Figure 4.12. PhCTlPdye 

shows a glass transition temperature (T ) at 179.5 °C and PhCT2dye shows a T at 165 °C. g g 
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Figure 4.12 The DSC plots of PhCPdye, PhCTlPdye and PhCT2dye 

60 

The desired molecules show high degradation temperature (T d) at 200, 230 and 230 

°C, respectively. These results confirm that the desired product can be used as light harvesting 

materials with high thermal stability. 
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Figure 4.13 The TGA plots of PhCPdye, PhCTlPdye and PhCT2dye 

Table 4.3 The thermal property results of PhCPdye, PhCTlPdye and PhCT2dye 

Compound 

PhCPdye 

PbCTlPdye 

PbCT2Pdye 

179.5 

165 

200 

230 

230 

800 
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4.6 Computational calculation 

The optimised structure and frontier molecular orbital were calculated by 

DFT/B3LYP/6-31G9(d,p) method (Table 4.4). At the HOMO level the electrons distribute at the 

donor-bridge while at the LUMO level the electrons distribute at the bridge-acceptor indicating 

that electron transfer occurs in the dye molecules from the donor to the acceptor parts of the 

molecule when excited. 

Table 4.4 The frontier molecular orbital ofphenothiazine base dyes and coumarin base dye 

Compound HOMO LUMO 

PbCPdye 

PbCTlPdye 

PhCT2Pdye 

PbT3dye 

CoT3dye 

4.7 Devices performance 

Figure 4.14 shows the incident monochromatic photon-to-current conversion 

efficiencies (IPCEs) obtained with a sandwich-type two electrodes cell. The dye-coated Ti02 

film was used as the working electrode, platinised FTO glass as the counter electrode and 0.1 M 

Lil, 0.5 M 1
2
, 0.4 M TBA and 0.6 M TPAI in acetonitrile and valeronitrile (volume ratio, 85: 15) 

mixed solution as the redox electrolyte. 
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Figure 4.14 Spectra of mllnochromatic incident photon-to-current conversion efficiencies (IPCEs) 

for DSSCs based on phenothiazine dyes 

The IPCE exceeds 40% in the spectral range of 380-480 nm for PhCPdye, which 

reaches its maximum of 44.6% at 400 nm. The IPCE of PhCTlPdye reached a maximum 

(59.3%) at 380 nm. The PhCT2Pdye shows a maximum IPCE at 61.5% at 390 nm. The IPCE of 

PhCT3dye shows the highest value at 64.6% at 390 nm. 
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Figure 4.15 J-V curves of DSSCs based on phenothiazine dyes 

The performance statistics of the devices are also listed in Table 4.5. An overall 

conversion efficiency ( ry) of 4.33% was achieved from the DSSC based on PhCT3dye (short­

circuit photocurrent density, J,._. = 9.58 mA cm-
2

; open-circuit photovoltage, V
0
c = 0.64 V; fill 
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factor, ff= 0.70). This efficiency is higher than the efficiency of 4.02% (Jsc = 9.21 mA Ctn-
2
; voe= 

0.68 V; ff= 0.64) obtained from the DSSC based on the dye PhCT2Pdye corresponding to the 

%IPCE and the energy level of PhCT3dye. The HOMO level of the PhCT3dye is closer to the 

redox potential of the (/I3- system than of the other dyes mentioned above, this results in a worse 

voe perfonnance compared to the other device performances. 

Table 4.5 Photovoltaic performance ofDSSCs based on phenothiazine dyes 

Sample J5c(mAcm·l V oc(V) ff ,, (%) 

N719 12.68 0.71 0.71 6.34 

PhCPdye 8.00 0.71 0.63 3.60 

PhCTlPdye 9.12 0.66 0.65 3.90 

PhCT2Pdye 9.21 0.68 0.64 4.02 

PhCT3dye 9.58 0.64 0.70 4.33 

4.8 Conclusion 

A series of phenothiazine based dyes was successfully synthesised and fully 

characterized. A coutnarin dye with thiophene-bridge was also synthesised. The optical property 

of the target molecules was investigated in dry dichloromethane and dimethyl sulfoxide solution. 

The desired molecules exhibited a maxima absorption band of around 420-490 nm based on ICT. 

Phenothiazine derivatives show a high thermal stability with T d at 200, 230 and 230 °C, 

respectively. The frontier molecular orbitals show the distribution of electron located at the 

bonding orbital of donor at the HOMO level while at the LUMO level the electron distributes at 

the anti-bonding orbital of the acceptor group. The devices performances were also studied using 

phenothiazine base dye, the PhCT3dye shows the highest performance with a power conversion 

efficiency at 4.33% (Jsc = 9.58 mA cm.
2

, V oc = 0.64 V and ff= 0.70) at AM 1.5 G. 



CHAPTERS 

THE CONJUGATED POLYMER NANO PARTICLES AS ORGANIC 

SEMICONDUCTOR 

5.1 Introduction 

In recent years there has been quite a lot of work completed on conjugated polymer 

nanoparticles (CPNs) with regards to different applications. [118-120] CNPs can offer high 

brightness, excellent photo-stability, high quantum yields, low cytotoxicity and versatility towards 

surface modification in biological applications such as bio-imaging, bio-sensing and 

nanomedicine. CNPs dispersed in water retain low viscosity at high solids content compared to 

similar solutions of high molar mass conjugated polymer dissolved in organic solvent. In terms of 

processing for optoelectronic and photonic applications, this means that films for devices can be 

prepared at room temperature from water based dispersions rather than from hot solutions of 

chlorinated organic solvents, with their inherent environmental drawbacks. Large area scale 

processing via ink-jet printing [121, 122] or screen printing [123, 124] whilst possible in organic 

solvents will be best achieved through deposition from aqueous dispersions. 

Most previous work focuses primarily on the post-polymerisation preparation of 

conjugated polymer nanoparticles via re-precipitation [64, 125, 126], mini-emulsion [127-130] or 

self-assembly [131] routes. The polymerisation of conjugated polymer nanoparticles has been 

achieved in a non-aqueous emulsion process using block copolymers as stabilisers. [132] It has 

also been shown in certain cases that the presence of a surface coating of surfactant on conjugated 

polymer particles (once excess surfactant has been removed) does not prohibit the transport of 

charges in the resultant films. [133] Some progress on the direct synthesis of small conjugated 

polymer nanoparticles ( < 30 run) in water under mini-emulsion conditions via Glaser coupling 

reactions has been reported. [134] Hyperbranched, conjugated polymer nanoparticles, of about 

200 nm particle diameter, have been recently synthesized via Suzuki cross-coupling reactions in a 

modified emulsion polymerization environment at high temperatures using a non-ionic surfactant 

from the Tween series. [135] The selection and concentration of non-ionic surfactant used in the 

emulsion process is critical. The concentrations of non-ionic surfactants in water required to 

initially stabilise the initial organic phase (monomers and solvent) are often above their cloud 

points at high temperatures. Trial emulsion polymerisations completed with Triton X-102 

surfactant via Suzuki cross-coupling reactions, catalysed by tetrakis (triphenylphosphine) 

palladium (0), at 60 °C, produced polymers of significant molar mass but generally did not yield 
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completely stable emulsion systems. [136] A catalyst which could perform Suzuki cross-coupling 

polymerisation of the monomers at lower temperatures was required. We have recently reported 

the use of the (N-heterocyclic carbene)PdC12 (TEA) complex, (IPr*)PdC12(TEA) in Suzuki 

couplings of aryl chlorides with aryl boronic acids at low temperatures. [137] The 'throw-away' 

ligand, tetraethylamine (TEA) attached to the Pd centre is deemed to improve activity as a 

consequence of the ease of its departure and/or the higher tendency of TEA to re-coordinate to the 

[(NHC)-Pd(O)] and conserve the active species in solution. 

There has been much discussion into the relationships between order, disorder, 

aggregation and charge transport in conjugated polymers. [138-140] The photophysical properties 

of some conjugated polymers within nanoparticulate systems has been shown to improve in varied 

situations where there are isolated polymer chains, aggregation of polymer chains and ordered 

conformations. In the case of polyfluorene, a beta phase (13) conformation, which involves 

planarization of the main chains, can be adopted (which emits at a lower energy in 

photoluminescence) rather than a disordered glassy phase under certain conditions. [141] The 

formation of this ordered phase in dilute PFO solutions can be induced by cooling in poor 

solvents [142] or produced in films via spin-coating from good solvents. [143] McNeill and Wu 

have reported that solvent induced swelling of polyfluorene nanoparticles led to increased 

planarization of the polymer chains in the glassy phase to yield more of the 13-phase conformation 

resulting in increased quantum yields. [144] Significant beta phase content has been recently 

observed in nanoparticles of polyfluorene modified with pendant triethoxysilyl groups which were 

prepared in THF via . re-precipitation method as part of study which produced hybrid 

silica/polyfluorene nanoparticles. [145] Each of the emulsions discussed in this report has 

potentially a concentration in excess of 50 mg/ml of conjugated polymer in the present of xylene 

in their nanoparticles. It has been reported at high polyfluorene concentrations in solution (> 30 

mg/ml) that some polymer chains form aggregate domains within the overlapping polymers. [ 146] 

It has been show that making films from structurally ordered polythiophene 

nanoparticles can have a positive impact on the performance of organic thin-film transistors. [ 14 7] 

Rod-like features were observed in highly crystalline films obtained from nanoparticle dispersions 

after annealing. Ellipsoidal polymer colloids have been observed when ordered structures of PFO 

and PF8BT are created within the nanoparticles (created post-polymerization using mini­

emulsion) upon annealing. [148] 

We report the direct synthesis of stable emulsions of conjugated polymer 

nanoparticles via Suzuki cross-coupling emulsion reactions of 9,9-dioctylfluorene-2,7-diboronic 

acid bis(l,3-propanediol) ester with a number of dibromo monomers in the presence of Triton X-

102, using the palladium catalyst, (IPr*)PdCl2(TEA) and tetraethylammonium hydroxide, at 30°C 
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after 24-48 hr. The characterization and photophysical properties of the nanoparticulate 

emulsions are also outlined. Our findings describe for the first time the self-assembly of rod-like 

nanoparticles resulting from Suzuki cross- coupling emulsion polymerizations of poly(9,9-

dioctylfluorene) (PFO) and poly(9,9-dioctylfluorene-a/t-bithiophene) (PF8T2), in aqueous 

conditions at low temperatures. The emulsion process can be modified successfully to deliver a 

range of conjugated polymer concentrations of PFO, PF8T2, PF8BT and PF8T AA in water 

required for processing devices (up to 11 mg I ml). 

c H -0' 0 L-o]H 
8 17 - l 12 

IPr*PdTEACl2 Triton X-102 

Figure 5.1 Chemical structure of IPr*PdTEAC12 and Triton X-102 

5.2 Synthesis 

The poly(9,9-dioctylfluorene) (PFO) was obtained under Suzuki cross-coupling 

polymerization using IPr*PdTEAC12 as catalyst (Figure 5.1), NEtpH as base and the solution of 

triton X-102 in deionized water as surfactant in order to stabilise nanoparticles, in xylene as 

shown in Scheme 5.1. Reaction's colour changed gradually to yellow after stirred for 30 min. 

The molecular weight was carried out by GPC as THF solution, which is shown in Table 5.1. The 

four differences polymer concentrations were obtained as 3.0 mg/ml (LM42), 6.0 mg/ml (LM66), 

8.6 mg/ml (LM68) and 11.1 mg/ml (LM71), respectively. 

Br-9:5}-Br 

CgH11 CgH11 

27 28 

Scheme 5.1 Synthetic route of PFO 

IPr*PdTEAC1i 
NEtpH 

Triton X-102 :. 

xylene, water 
30°C n 

PFO 

The GPC results reveal molar mass (Mn) of LM42 = 27,100 g/mol, LM66 = 28,900 

g/mol, LM68 = 16,300 g/mol and LM71 = 12,900 g/mol, respectively while the polydispersity 

(POI) = 3.22, 3.29, 3.81 and 3.05, respectively. The molar mass decreased when the 
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concentration of monomer increasing. LM66 shows the best result with high concentration of 

polymer and the highest molar mass. 

Table 6.1 Sample concentration amount of monomer, percent surfactant, solvent and Molar mass 

of PFO at various concentration 

Sample Total Triton X-102 

monomer (%wt) 

(mmol) 

LM42 0.4 5 

LM66 0.8 5 

LM68 l.2 IO 

LM71 l.6 15 

1.0 

0.8 

::;; .s 0.6 

:!:! 
~ 

OA 

0.2 

0 
3 4 

Solvent Final polymer 

(ml) cone. (mg/ml) 

2 3.0 

2 6.0 

4 8.6 

6 11.l 

s 
Log Molecular Weight 

Figure 5.2 Log molecular weight and WF /dLogM plot of PFO 

Mn Mw PDI 

(g/mol) (g/mol) 

27,100 87,500 3.22 

28,900 95,400 3.29 

16,300 62,000 3.81 

12,900 39,400 3.05 

-LM42 
- LM66 
-LM68 
··-LM71 

6 

The synthetic route of poly(9,9-dioctylfluorenene-2,7-diyl)-co-bithiophene (PF8T2) 

was showed in Scheme 5.2. Nanoparticles of PF8T2 was successfully synthesised under Suzuki 

cross-coupling polymerisation. The reaction's colour changed gradually from yellow to orange 

after the monomer mixture was added to surfactant. To obtain molar mass, crude product was 

washed with methanol and water in order to remove excess surfactant, dried with air and 

dissolved in THF. The molecular weight of the polymer was obtained as THF solution using GPC 

analysis. The results were shown in Table 5.2. The optical properties and particles size 

measurement were measured without further purification. Two differences polymer concentration 

with 2.13 mg/ml (LM45) and 8.22 mg/ml (LM85), respectively, were synthesised. 
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Scheme 5.2 Synthetic route of PF8T2 

IPr*PdTEACl2 

NEtpH 
Triton X-102 > 
xylene, water 

30°C 
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n 

Table 5.2 Sample concentration amount of monomer, percent surfactant, solvent and Molar mass 

of PF8T2 at various concentration 

Sample Total Triton X-102 Solvent 

monomer (%wt) (ml) 

(mmol) 

LM45 0.4 5 2 

LM85 1.6 10 4 

1.0 

0.8 

0.2 

Final polymer 

cone. (mg/ml) 

2.13 

8.22 

Mn Mw 

(g/mol) (g/mol) 

12,100 32,700 

14,900 37,300 

r=LM45l 
~ 

' o--~~~~--~~~--~~~~--~~~--~~~--c 
3 4 s 

Log Molecular Weight 

Figure 5.3 Log molecular weight and WF /d.LogM plot of PF8T2 

PDI 

2.69 

2.51 

The nanoparticles of poly(9 ,9-di-octylfluorenene-2, 7-diyl)-co-(benzo[2, 1,3 ]thiadiazole) 

(PF8BT) was successfully carried out using Suzuki cross-coupling polymerisation as shown in 

Scheme 5.3. The particles size and optical property were measured with out further purification. 

The molar mass was obtained by GPC analysis as the THF solution. The molar mass of polymer 

was shown in Figure 5.4 and summarised in Table 5.3. Concerning to IPr*PdTEACl2 catalyst, 

9,9-dioctylfluorene-2,7-bis(boronic acid pinacol ester) was used for trial reaction but no polymer 

was obtained in this condition indicated that the steric hindrance of pinacol ester affects to catalyst 

reactivity. Moreover, the reaction conversion hits the limit after 24h, there is no further polymer 
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observed. Two differences polymer concentration with 2.09 mg/ml (LM47) and 4.18 mg/ml 

(LM84), respectively, were synthesised. 

Br-Q-' Br+ 
1 ~ 

N.
8

.N 

30 

C·--?j?-•:) 
CsH11 CsH11 

28 

Scheme 5.3 Synthetic route of PFSBT 

IPr*PdTEAC12 

NEt40H )lo 

Triton X-102 

xylene, water 
30°C n 

PFSBT 

Table 5.3 Sample concentration amount of monomer, percent surfactant, solvent and Molar mass 

of PFSBT at various concentration 

Sample 

LM47 

LM84 

~ co .s 
"O 
ii; 
~ 

Total 

monomer 

(mmol) 

1.2 

1.0 

0.8 

0..6 

0.4 

0.8 

OA 

0.2 

0 
3 

Triton X-102 Solvent Final polymer Mn Mw PDI 

(%wt) 

-------

5 

5 

--
/ 

.,.; ...... 

4 

(ml) cone. (mg/ml) (g/mol) (glmol) 

2 

2 

2.09 

4.18 

s 
Log Molecular Weight 

24,200 

26,000 

6 

82,700 3.42 

67,300 2.58 

Figure 5.4 Log molecular weight and WF/d.LogM plot of PFSBT 

Poly(9,9 '-dioctylfluorene-2, 7-diyl)-co-bis-N,N-( 4-sec-butylphenyl)diphenylamine) 

(PFST AA) was successfully synthesised using Suzuki cross-coupling polymerisation. 

IPr*PdTEAC1i was used as catalyst, NetpH as base, Triton X-102 5% wt/v in water as surfactant 

source in xylene, as shown in Scheme 5.4. The polymer with high concentration shows lower 

molecular weight. The the large amount of surfactant caused the reaction mixture to become 
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viscous contents. The GPC results were summarised in Table 5.4 and shown in Figure 5.5. Two 

differences polymer concentration with 2.65 mg/ml (LM48) and 9.51 mg/ml (LM57), 

respectively, were synthesised. 

BrY'IJ ~Br 

~~ 

~ . 
28 

Scheme 5.4 Synthetic route of PFST AA 

IPr*PdTEACl2 

NEtptt 
Triton X-102 )Ir 

xylene, water 
30°C 

~ ~ 
,,,..... 

N 

PF8TAA ~ 
n 

Table 5.4 Sample concentration amount of monomer, percent surfactant, solvent and Molar mass 

Sample 

LM48 

LM57 

of PFST AA at various concentration 

Total 

monomer 

(mmol) 

0.4 

1.6 

1.0 

0.8 

::11 
j0.6 
~ 
~ OA 

0.2 

0 
3 

Triton X-102 Solvent Final polymer 

(%wt) (ml) cone. (mg/ml) 

5 2 2.65 

20 8 9.51 
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I \ 
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Figure 5.5 Log molecular weight and WF /dLogM plot of PF8T AA 

Mn Mw PDI 

(g/mol) (g/mol) 

18,500 49,800 2.69 

9,200 21,700 2.34 

-LM48 
- LM57 

6 
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5.3 Particles size analysis 

5.3.1 Dynamic Light Scattering (DLS) 

Dynamic light scattering (DLS) covers different techniques to measure the 

particle size due to dynamic changes of scattered light intensity. Photon correlation spectroscopy 

(PCS) is at present the most widely used name. It relates to the correlation technique that is 

applied in instruments. Quasi-elastic light scattering (QELS) was used more frequency in the past. 

This term relates to the type of interaction between particles and light. The term Diffusing Wave 

Spectroscopy is often used for applications in concentrated dispersions, where multiple scattering 

leads to a diffusive transport of light. 

In the DLS technique, the intensity of the scattered light by an ensemble of 

particles is measured at a given angle as a function of time. The Brownian motion of the 

dispersed particles determines the rate of change of the scattered light intensity. The temporal 

intensity changes are converted to a mean translational diffusion coefficient (or a set of diffusion 

coefficients). Fast intensity changes are related to a rapid decay of the correlation function and a 

large diffusion coefficient. The diffusion coefficient is then converted into particle size by means 

of the Stokes-Einstein equation. For this conversion the particles are assumed to be spherical and 

without interaction. Note that colloidal particles in a liquid dispersion contain an attached layer of 

ions and molecules from the dispersion medium that moves with the particle. Therefore, their 

hydrodynamic particle size is somewhat larger than the size of the particle. 

For good operation, a very low particulate concentration is required of at least 

500 particles in the measurement zone. Particle-particle interactions and multiple scattering 

become apparent at increased concentration (above about 0.01% (v/v)) and result in biased sizing 

results. Such concentrations often show a clearly visible turbidity. Only relative values of 

apparent size can then be obtained. An apparently larger or smaller particle size may result, 

depending on the type of interaction (attraction or repulsion between particles). [149] At 

extremely low concentrations, if less than about 500 particles are in the measurement zone, 

random changes of the number concentration cause biased sizing results. 

5.3.2 Particles size 

The particles size was measured by dynamic light scattering (DLS) technique. 

The neat products were diluted in deionized water with various concentrations from 7.45, 7.47, 

7.48 and 7.95 µg/ml, respectively. Dynamic light scattering (DLS) of the resultant emulsion 

indicated nanoparticles with a broad size distribution (polydispersity index, POI= 0.33) exhibiting 

a z-average particle diameter size (d) of 53 run. High POI values (>0.2) were observed for each 

of the PFO emulsions and indeed, to a lesser extent, for all of the conjugated polymer emulsions 

studied. In some cases this may reflect the inability of the DLS fitting analysis to resolve 
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distribution(s) of small conjugated nanoparticles or a potential distribution of surfactant micelles. 

Micelles of Triton X-102 surfactant exhibit a particle size diameter, d
2 

of7.1 nm (PDI = 0.19). 

DLS analysis also presumes that the particles present are spherical in nature and when 

nanoparticulate samples deviate significantly from this, the results can be difficult to interpret. 
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Figure 5.6 Particles size of PFO in water at 25°C 

- LM42Neat 
- LM66Neat 

..... LM68Neat 
··-LM71 Neat 

Indeed TEM analysis of the PFO emulsions revealed that they were 

predominantly composed of rod-like nanoparticles. The general surface features of a 

nanoparticulate layer of LM66 are clearly evident in the image presented in Figure 5.7: individual 

rods, with approx. dimensions of 74 x 16 nm (aspect ratio of almost 5). 
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Figure 5. 7 TEM images of nanoparticles present in PFO emulsion 

Larger rods were observed in TEM analysis of these emulsions, with the largest 

rods of the PFO emulsion series obtained from reaction LM71, with dimensions measured on 

average at 106 x 25 nm, presented in Figure 5.7. The rods appear to order themselves in stacks 

when found in close proximity to each other (right enlarged image). A small population of 

spherical particles with number average diameter size of 27 nm was also observed. 

Table 5.5 Particles size of PFO in water at 25°C 

Compound Total Polymer Particle size I nm 

monomer cone. DLSb TEMC 

/mmol 
-1 

/mg ml d [PDI] d l, w ord 

LM42 0.4 3.0 53(0.33] 21 76, 18 r 

LM66 0.8 6.0 55(0.41] 26 74, 16 r 

LM68 1.2 8.6 81(0.32] 22 99,23 r 

LM71 1.6 11.l 88(0.22] 41 106, 25 r 

"Approx. conjugated polymer concentration of emulsion upon complete conversion. bDLS 

analysis of the z-average and number average particle (dz and d) sizes of emulsion particles at 25 

°C; polydispersity index (PDI) of particles presented. cTEM analysis of the number average 

length (1
0

) and number average width (w
0

) dimensions or the number average particle (d
0

) sizes of 

emulsion nanoparticles (d
0
), denoted withs: predominantly spherical or r: predominantly rod-like 

in shape. Averages determined from the measurement of at least 100 nanoparticles in each case. 
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The particles size of PF8T2, LM45 and LM85, nanoparticles were measured as 

water dispersion with concentration of 8.48 and 5.47 µg/ml, respectively. The DLS results were 

shown and summarized in Figure 5.8 and Table 5.6, respectively. LM85 was filtered by 0.45 µm 

filter in order to get rid of big particles before measuring. DLS analysis of these emulsions 

suggested that the higher concentrated PF8T2 is produced the larger nanoparticles (d, = 88 nm) 

with a narrow particle size distribution (PDI = 0.18) are obtained. TEM analysis of both these 

emulsions actually revealed rod-like structures. In the case of LM85, larger, more uniform, rod­

like nanoparticles (205 nm in length, with an aspect ratio of 4) were observed, the TEM images as 

shown in Figure 5.9. The LM85 equates to producing a PF8T2 emulsion containing 8.2 mg mf
1 

conjugated polymer in which the nanoparticles themselves contain conjugated polymer in xylene 

at concentrations approaching 11 %. 
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Figure 5.8 Particles size of PF8T2 in water at 25°C 

Table 5.6 Particles size of PF8T2 in water at 25°C 

Compound Total Polymer 

- LMSS Filtered 
- LM45Neat 

103 

Particle size I nm 

• DLSb TEMC monomer cone. 

/mmol /mg mf' d [PDI] d 1, w ord 

LM45 0.4 2.1 61(0.34] 23 82, 18 r 

LM85 1.6 8.2 88[0.18] 35 205, 52 r 

1

Approx. conjugated polymer concentration of emulsion upon complete conversion. 'DLS 

analysis of the z-average and number average particle (d
2 

and dn) sizes of emulsion particles at 25 

°C; polydispersity index (PDI) of particles presented. cTEM analysis of the number average 

length (ln) and number average width (wn) dimensions or the number average particle (dn) sizes of 
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emulsion nanoparticles (dJ, denoted withs: predominantly spherical or r. predominantly rod-like 

in shape. Averages determined from the measurement of at least l 00 nanoparticles in each case. 

Figure 5.9 TEM images of nanoparticles present in PF8T2 emulsion 

The particles size of PFSBT, LM47 and LM84, were measured as water 

dispersion with concentration of 18.64 µg/ml for LM47 and 13.89 µg/ml for LM84, respectively. 

The measurement was performed using the crude product, which was dissolved in de-ionised 

water. PFSBT shows small particles around 34-38 nm with large Pell as shown in Figure 5.10 and 

Table 5.7. The TEM image obtained of the nanoparticulate material in emulsion LM47 revealed 

spherical particles exhibiting mean particle diameter of 23 (±6) nm. The particle size distribution 

obtained by TEM is not much different to the number average particle distribution observed in 

DLS analysis (dn (DLS) = 21 nm), as can be seen in Figure 5.11. 

Table 5.7 Particles size of PF8BT in water at 25°C 

Compound Total Polymer Particle size I nm 

• DLSb TEMC monomer cone. 

/mmol 
·I 

/mg ml d [PDI] d I, w or d 

LM47 0.4 2.0 32(0.20] 21 23 s 

LM84 0.8 4.0 34(0.16] 23 n/a 

"Approx. conjugated polymer concentration of emulsion upon complete conversion. bDLS analysis 

of the z-average and number average particle (dz and dJ sizes of emulsion particles at 25 °C; 

polydispersity index (PDI) of particles presented. cTEM analysis of the number average length OJ 
and number average width (wJ dimensions or the number average particle (d

0
) sizes of emulsion 
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nanoparticles (d
0
), denoted with s: predominantly spherical or r: predominantly rod-like in shape. 

Averages determined from the measurement of at least 100 nanoparticles in each case. 
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Figure 5.10 Particles size of PFSBT in water at 25°C 

1000 

Figure 5.11 TEM images ofnanoparticles present in PFSBT emulsion 

10000 

The particles size of PFSTAA, LM48 and LM57, were measured as water 

dispersion with concentration of 10.6 µg/ml for LM48 and 13.40 µg/ml for LM57, respectively. 

The measurement was obtained using the crude product, which was dissolved in de-ionised water. 

LM48 shows 2 sizes of particles at 28 nm and 324 nm while LM57 shows small particles at 59 

nm as shown in Figure 5.12 and Table 5.8. TEM analysis of these PFSTAA emulsions revealed 

spherical particles, in the case of LM57, exhibiting mean number average particle diameters of 41 
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(±6) run, LM57 particle size distribution is not much different to that observed for the respective 

emulsion in DLS analysis (number average particle size distribution displayed, d
0 

= 33 run), as 

outlined in Figure 15.13. 

Table 5.8 Particles size of PFST AA in water at 25°C 

Compound Total Polymer Particle size I nm 

monomer cone. DLSb TEMC 

/mmol /mg ml 
-I 

d, [PDI] d l, w or d 

LM48 0.4 2.6 41[0.33] 18 19 s 

LM57 1.6 9.5 56[0.22] 33 41 s 

•Approx. conjugated polymer concentration of emulsion upon complete conversion. bDLS 

analysis of the z-average and number average particle (dz and d
0

) sizes of emulsion particles at 25 

°C; polydispersity index (PDI) of particles presented. cTEM analysis of the number average 

length (1
0

) and number average width (w
0

) dimensions or the number average particle (d) sizes of 

emulsion nanoparticles (d
0
), denoted withs: predominantly spherical or r. predominantly rod-like 

in shape. Averages determined from the measurement of at least 100 nanoparticles in each case. 
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Figure 5.12 Particles size of PFST AA in water at 25°C 
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Figure S.13 TEM images of nanoparticles present in PF8T AA emulsion 

S.4 Optical properties 

UV/vis absorption spectra of the PFO emulsion series are presented in Figure 5.14. 

The main band of each emulsion (alpha phase) shows a peak at 408 nm and a shoulder at 390 nm. 

Each emulsion also exhibits a significant peak at 441 nm corresponding to the beta phase. There 

are no significant changes in the optical properties of the four PFO emulsions: differences in 

polymer molar mass or polymer concentration within the particles do not significantly affect the 

proportion of beta phase present. 
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Figure S.14 Absorption and Emission spectra of PFO in water 
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The only small difference is that the main alpha phase band obtained for emulsion 

(LM71) is somewhat blue shifted compared to that observed for the other three emulsions which 

perhaps reflect on its lower molar mass observed in GPC analysis . 



Table 5.9 Summarized optical properties of PFO in water 

Sample Size (nm) A. ... A._ 
(nm) (nm) 

LM42 58 408,442 441 

LM66 50 409,442 440 

LM68 91 408,441 440 

LM71 91 407,441 440 

aEg was calculated by Es= 1240/A.onset 

1.0 

QY(%) E" 
g 

21 2.74 

25 2.74 

22 2.74 

23 2.75 

• Abs: PF8 (A) 
-p 
-0-0 
-v2, v2*2, ... 
-v3 
-v=2+3 
-v=2+2+3 

cumulative 

o.o.....,..,.._....,..:::;,.......;:;.....4-......:;:;...-;;;:.,.;::i.i:::p..:;::;::::.,.....;;;rjllil.....,..~;;o,_...::;.---1 

2.6 2.8 3.0 3.2 3.4 3.6 3.8 
Energy/ eV 
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Figure 5.15 Area normalized absorbance of PF8 at-20 °C (LM42) (black symbols) and the 

overall cumulative fit to the data (cyan solid line). The fits associated with the 

Gaussian spectral components 0-0 (blue) along with v2 (magenta) and its replicas, v3 

(green), v= (2+3) (olive) and v= (2+2+3) (navy) and the asymmetric Gaussian fit to 

the~ peak (red). The notation vn*m refers to the mth replica of the vibrational 

moden. 

The percentage of beta phase present in the polymer nanoparticles was calculated at 9 

- 10 % from comparing the respective areas of an asymmetric Gaussian peak used to fit the beta 

phase peak at 441 nm with a constrained multiple-Gaussian peak fitting of the broad main band 

attributed to the alpha phase, an example for LM42 presented in Figure 5.15. The vibronic 

replicas applied after selection of the 0-0 peak in the multiple Gaussian fitting correspond to 

modes with energies of 85 meV (vl), 156 meV (v2) and 199 meV (v3), previously assigned from 

the ~phase PFO photoluminescence spectrum and in agreement with that observed with Raman 

spectroscopy of PFO. [ 150, 151] Molar absorption coefficients at the peak maxima for the four 
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-I -I 
PFO emulsions were calculated as 38,000, 49,000, 50,000 and 44,000 M cm respectively. The 

absorption spectra of the emulsions containing xylene swelled PFO nanoparticles closely match 

those previously observed for PFO films produced or swelled in similar solvents. [143] The 

dominant vibronic peaks in the emission spectra of the PFO emulsions (Figure 5.14), at 440, 466 

and 500 nm, are solely associated with fl phase chromophores which emphasises the efficient 

energy transfer from glassy regions to the fl phase. [152] The photoluminescence quantum yields 

(PLQY) recorded across the PFO emulsion range was between 21 - 25 %. These PLQY values 

also fit well with those quoted for PFO films containing similar high levels of beta phase 

conformation. [143] 
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Figure 5.16 Absorption and Emission spectra of PF8T2 in water 

UV/vis absorption spectra of the PF8T2 emulsions are presented in Figure 5.16. The 

main band of LM45 emulsion exhibits a peak maximum at 467 nm whereas the other reaction 

LM85 emulsion is somewhat red shifted, exhibiting a peak maximum at 503 nm. The two peak 

maxima in the emission spectra of the two emulsions more closely converge on average at 

A = 517 & 557 nm. The absorption spectra of the PF8T2 in nanoparticles more closely reflect 

that observed for the polymer in the solid state in films [153], as outlined in the comparison of 

PF8T2 polymer from LM45 in nanoparticles (emulsion), dissolved in THF (solution) and as a 

film in Figure 5.17_ PLQYvalues for the PF8T2 emulsions of3 - 5 % were recorded_ 



: 

Table 5.10 Summarized optical properties of PF8T2 

Sample Size(nm) A. ... A._ QY(%) E• 
I 

(nm) (nm) 

LM45 51 467,496 515,557 2.8 2.32 

LM45 solution • 452 497 2.41 

LM45mm• 467,489 2.23 

LM85 109 474,503 518,554 5.1 2.28 

8Eg was calculated by E& = 1240/Aonset, "pF8T2 solution in dry THF, 
0
film of PF8T2 

chlorobenzene solution 10 mg/ml, annealing at 80°C for lb 

UI 
- Solution Ahll 
- FilmAhll 
-NPsAbs 
··-SolPL 
..... NPsPL 

1.0 

-------+-0.8 ts 

0.2 

OS I 
OA I 
0.2 

0 0 
D ~ • a • ~ ~ ~ ~ ™ 

Wavelmglb (nm) 

Figure 5.17 Absorption and Emission spectra of PF8T2 in water 
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The absorption spectra were obtained as water dispersion with concentration of 18.64 

µg/ml for LM47 and 13.89 µg/ml for LM84, respectively. PF8BT shows two absorption peaks 

at 329 nm and 468 nm, the latter can be assigned as the charge-transfer absorption peak of PF8BT 

film. [154] The photoluminescence of polymer shows the maxima emission at 541 nm and 542 

nm, respectively. This emission peak can be assigned as the emission of PF8BT film, [155] 

which confirms aggregation occurring in nanoparticles. Quantum yields of nanoparticles were 

found as 8.4% for LM47 and 7.9% for LM84, respectively. The optical results were shown in 

Figure 5.18 and summarised in Table 5.11. 
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Figure 5.18 Absorption and Emission spectra of PF8BT in water 

Table 5.11 Summarized optical properties of PF8BT in water 

Sample Size (mn) A. ... A. .. QY(IYe) E* 
g 

(nm) (nm) 

LM47 33 469 541 8.7 2.29 

LM84 38 468 542 9.1 2.30 

• 
Eg was calculated by Eg = 1240/Aooset 

The optical properties of PF8T AA were investigated as water dispersion sample. 

The absorption spectra were observed using same concentration as DLS analysis. PF8T AA 

nanoparticles exhibited absorption peak at 388 run assigned as the rt-:1t* transition of polymer 

film. [156) The emission peaks were observed at a range of 434-460 run. Both polymers showed 

the same region of absorption and emission indicated that the particles size and concentration 

have no effect to optical properties of PF8TAA. The results were shown in Figure 5.19 and 

summarised in Table 5.12. 
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Figure 5.19 Absorption and Emission spectra of PF8TAA in water 

Table 5.12 Summarized optical properties of PF8T AA in water 

Sample Size(nm) A. ... A. .. QY(%) E* 
I 

(nm) (nm) 

LM48 28,324 388 434,460 3.4 2.78 

LM57 59 389 435,455 5.2 2.78 

5.4 Conclusion 

This work presents an approach to the direct synthesis of conjugated polymer 

nanoparticles which facilitates the production of high conjugated polymer concentrations 

dispersed in water at low temperatures. The polymer chains formed in the nanoparticulate 

emulsions of PFO and PF8T2 self-assemble in a highly ordered (semicrystalline) manner which 

translates into the formation of rod-like structures in the resulting emulsions. The less ordered, 

amorphous polymers, PF8BT and PF8T AA, are present as small, spherical nanoparticles in their 

respective emulsions. The high ordering in the nanoparticles, particularly in the case of PF8, 

yielded PLQY (cf>) levels of 21 - 25 %, values which are significant for this particular polymer in 

solution. The conjugated polymer is present in the nanoparticles at a concentration of 16 % in 

xylene in the case of PFO in reaction LM66. There is further scope to increase the overall 

conjugated polymer content in the emulsion preparations above 11,000 ppm. 

There is some evidence to suggest that the size of the nanoparticles formed bold some 

influence on the photophysical properties of the emulsions. The PF8T2 emulsion reactions 

produced polymer of similar molar mass but rods of distinctly different dimensions. The emulsion 
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LM85 which produced the larger rods exhibited both an increasingly red shifted absorption 

spectrum and a higher PLQY value. In the case of the PFO emulsions, lower molar mass polymer 

in larger rods largely matched the optical properties of higher molar mass polymer in smaller rods. 

Good inter-chain charge transport must be created in the ordered structures within these 

nanoparticles. The PFST AA emulsion reactions produced polymers of different molar mass in 

different sized spherical particles. The lower molar mass polymer in larger particles, formed in 

reaction LM57, exhibited a similar absorption spectrum to that observed for higher molar mass in 

smaller particles, formed in reaction LM48, however the PLQY value was higher for the emulsion 

containing the larger particles. 



CHAPTER6 

CONCLUSION 

A series of oligothiophenes was successfully synthesised and characterized using 

combination of alkylation, bromination, Suzuki coupling and Stille coupling reactions. 

The optical properties in dichloromethane solution reveal that the increasing of thiophene units 

affect to the absorption and emission wavelength in the trend of longer wavelength. All desired 

compounds show good reversible electrochemical property. PT4, PTS and PT6 show a thermal 

stable at high temperature. Accordingly, the computational calculation shows the arrangement of 

molecules in planar. The results indicate that these materials can be used as semiconductors in 

OFETs. 

A series of dialkylaniline dyes with thiophene-phenylene bridge was successfully 

synthesised and characterized. The desired molecules can be dissolved in chlorinate solvent at 

room temperature. The intramolecular charge transfer can be observed by absorption band around 

420-460 nm. The computational calculation confirmed the intramolecular charge transfer 

occurring in excited state. The DSSC devices base on PT2dye show the highest performance at 

3.55% (short-circuit photocurrent density, Jsc = 7.69 mA cm-
2

; open-circuit photovoltage, V oc = 

0.63 V; fill factor, ff= 0.73). 

A series of phenothiazine based dyes was successfully synthesised and fully 

characterized. A coumarin dye with thiophene-bridge was also synthesised. The optical 

properties of the target molecules were investigated in dry dichloromethane and dimethyl 

sulfoxide solution. The desired molecules exhibited a maxima absorption band of around 420-490 

nm based on JCT. Phenothiazine derivatives show a high thermal stability with Td at 200, 230 and 

230 °C, respectively. The devices performances were also studied using phenothiazine base dye, 

the PhCT3dye shows the highest performance with power conversion efficiency at 4.33% (Jsc = 

9.58 rnA cm-2, V oc = 0.64 V and ff= 0.70) at AM 1.5 G. 

The conjugated polymer nanoparticles were successfully synthesised using Suzuki 

coupling polymerization at 30°C. The desired obtain small particles size less than 100 nm. LM66 

shows high quantum yield at 25% in water. PFO absorption spectra reveal the j3-phase 

absorption peak at 442 run with 10% (3-phase conformation in particles. The PF8T2 absorption 

spectra exhibit shoulder peak at 490-505 nm corresponding to the solid-state structure in 

nanoparticles. Whilst the concentration do not effect to the maxima wavelength either absorption 

or emission, the quantum yield depends on the concentration. The particles size of polymer 



J 

86 

relates to the concentration of monomer in droplet, the higher concentration, the bigger particles. 

The uniform of particles lead a good charge transfer in organic filed-effect transistor. 
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CHAPTER 7 

EXPERIMENTS 

7.1 General procedures and instruments 

lH-NMR spectra were recorded on Briiker A VANCE (300 MHz) spectrometer. 
13

C-NMR spectra were recorded on Briiker AVANCE (75 MHz) spectrometer and were fully 

decoupled. Chemical shifts (0) are reported relative to the residual solvent peak in part per 

million (ppm). Coupling constants (1) are given in Hertz (Hz). Multiplicities are quoted as singlet 

(s), broad (br), doublet (d), triplet (t), quartet (q), AA'BB' quartet system (AA'BB'), AB quartet 

(ABq) and multiplet (m). 

The IR spectra were recorded on a Perkin-Elmer FT-IR spectroscopy as K.Br disks or 

neat liquid between two NaCl plates. The absorption peaks are quoted in wavenumber (cm-
1
). 

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 s 
3 ·I -I 

/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 SOB Luminescence Spectrometer. 

Dichloromethane was distilled from calcium hydride. Tetrahydrofuran (THF) was heated at 

reflux under nitrogen over sodium wire and benzophenone until the solution became blue and was 

freshly distilled before use. 

Analytical thin-layer chromatography (TLC) was performed with Merck aluminium 

plates coated with silica gel 60 F254. Column chromatography was carried out using gravity feed 

chromatography with Merck silica gel mesh, 60 A. where solvent mixtures are used, the portions 

are given by volume. 

The electrochemistry was performed using a AUTOLAB spectrometer. All 

measurements were made at room temperature on sample dissolved in freshly distilled 

dichloromethane, 0.1 M tetra-n-butylammoniumhexafluorophosphate as electrolyte. The 

solutions were degassed by bubbling with argon gas. Dichloromethane was washed with 

concentrated 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 

recrystallisation from ethanol and then dried under high vacuum and stored over P2o5. 

The molar mass of the conjugated polymer produced in each reaction was analysed 

using gel permeation chromatography ( GPC). GPC of the conjugated polymers recovered from 
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the emulsions was completed in tetrahydrofuran (THF) [1-2 mg ml-
1
] at 35 °C using a Viscotek 

GPCmax VE2001 solvent/sample module with 2 x PL gel 10 µm mixed-B and a PL gel 500 A 

column, a Viscotek VE3580 RI detector and a VE3240 UVNis multichannel detector. 

The injection volume was 100 µLand the flow rate was 1 ml min-
1
• The system was calibrated 

with low polydispersity polystyrene standards in the range 200 to 6 x 10
6 

g mof 
1 

from Agilent 

Technologies, with results analysed using Malvern Omnisec software. 

The particle size distributions of diluted samples of the emulsions were measured at 

25 °C using a Malvern Zetasizer Nano ZS (DLS). The DLS results quoted are the average of three 

measurements. TEM analysis was completed using a FEI Tecnai 20 instrument working at 80 kV. 

Diluted samples containing approx. 100 ppm conjugated polymer concentrations of the emulsions 

were drop cast onto Formvar coated, 3 mm 400 mesh copper grids (supplied by Agar Scientific). 

The images were taken in standard diffraction contrast. The particle size analysis of the images 

was completed using ImageJ software. 

UV-Vis absorption spectra were recorded on a Varian Cary 5000UV-Vis-NIR 

spectrophotometer, either diluted in water (nanoparticles) or dissolved in THF (polymer) at room 

temperature. Fluorescence spectra were recorded on a Varian Cary Eclipse fluorimeter, either 

diluted in water (nanoparticles) or dissolved in THF (polymer). All absolute photoluminescence 

quantum yield (PLQY) measurements were obtained using a Fluoromax-4 spectrofluorometer 

with integrating sphere attachment (instrument standardised with a Tungsten lamp). Nanoparticle 

suspensions in water were diluted, to give absorption maxima values between 0.03 to 0.1, for 

measurements. Background reference measurements were obtained using water (800 µL) in 

7 x 40 mm clear glass vials. Nanoparticle suspensions (800 µL) were also measured in 7 x 40 mm 

clear glass vials. Excitation wavelengths of 380, 460, 470 and 360 nm were used for 

measurements of PFO, PF8T2, PF8BT and PF8TAA respectively. As an example, to calculate 

PLQYs of the PFO emulsion samples, four measurements were obtained in each case: 

(i) background scatter (370 - 390 nm); (ii) background fluorescence (390 - 750 nm); (iii) sample 

scatter (370 - 390 nm); and (iv) sample fluorescence (390-750 nm). Appropriate optical filters 

were used to avoid over-saturation of the detector during collection of scatter measurements and 

these filters were corrected for in the PLQY calculation. For each sample ofnanoparticles, PLQY 

measurements were repeated in triplicate, using a fresh suspension after each set of sample scatter 

and sample fluorescence measurements. The reported PLQY values are therefore an average of 

three PLQY measurements. Errors of 10 % were typically associated with the measurements. 



89 

7 .2 Synthesis of intermediates 

N,N-dioctylaniline (2) 

Aniline (10.00 g, 107.3 mmol}, bromooctane (51.84 g, 268.44 mmol) and butanol (120 

ml) were heated at 100°C in the presence of sodium carbonate (17 .60 g, 166.32 mmol) and iodine 

(0.46 g, 1.82 rnmol) for 24 h. The reaction was then cooled to room temperature. The crude 

product was dissolved in water and then was extracted with ether. The combined extracted was 

washed with water, dried over sodium sulphate, evaporated to remove solvent ad isolated by 

vacuum distillation. Pure N,N-dioctylaniline was isolated as a clear liquid. Yield was 33.83 g, 
·I -I 

99%.; C22H39N; IR (NaCl)) v 3086-3028, 2949-2855, 1598, 1501-1465, 1360, 742 and 692 cm ; 

UV-Vis; Amax, abs (220-600 nm)( dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 266 (4.39); Fluorescence; 

Amax.PL (200-700 nm)(dry CH2Cl2) 353 nm; 
1
H-NMR {>"(ppm) (300 MHz, CDC13) 0.99 (6H, d, J= 

6.9 Hz), 1.39 (20H, d, J= 4.3 Hz), 1.67 (4H, s,), 3.33 (4H, d, J= 6.9 Hz), 6.71 (2H, d, J= 8.6 Hz) 

and7.28 (lH, t, J= 7.1 Hz) 

4-Bromo-N,N-dioctylaniline (3) 

To a mixture of ."1",N-dioctylaniline (5.49 g, 17.29 mmol) and ammonium acetate (0.13 

g, 1.79 mmol) in acetonitrile (15 ml). N-bromosuccinimide (3.69 g, 20.75 mmol) was added and 

the mixture was stirred at room temperature. After completion of the reaction as indicated by 

TLC, the mixture was concentrated in vacco and extracted with ethyl acetate and water. 

The organic portion was separated from the extract, dried and concentrated. The residue was 

subjected to column chromatography (silica gel, hexane) to obtain pure 4-bromo-N,N­

dioctylaniline. Yield was 6.45 g, 94%. C22H38NBr; IR (NaCl)) v' 2927-2855, 1595, 1501, 1465, 

1367, 1299, 1270, 1234, 1187, 114, 1082, 1020, 804 and 724; 
1
H-NMR C>H(ppm) (300 MHz, 

CDC13)) 0.91 (6H, d, J= 9.3 Hz), 1.31 (20H, s), 1.55 (4H, d, J= 6.7 Hz), 3.19 (4H, t, J= 7.8 Hz), 

6.48 (2H, d, J = 6. 7 Hz) and 7 .24 (2H, d, J = 6.9 Hz) 
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4-Thiophenyl-N,N-dioctylaniline ( 4) 

A mixture of 4-bromo-N-dioctylaniline (3.34g, 8.41 mmol), 2-thiophene boronic acid 

(l.02 g, 8.01 mmol), sodium carbonate (16.99 g, 160.20 mmol) and Pd(PP~)4 (0.28 g, 0.24 mmol) 

in tetrahydrofuran (120 ml) was heated at reflux for 24 h. After cool at room temperature, the 

mixture was extracted with dichloromethane and washed with water 2 times. The combined 

extracted was washed with water, dried over sodium sulphate, evaporated to remove solvent and 

isolated by vacuum distillation. The residue was subjected to column chromatography (silica gel, 

hexane) to obtain pure 4-thiophenyl-N,N-dioctylaniline as yellow oil. Yield was 2.053 g, 61%. 

C26H41NS; IR (NaCl) V1 
2927-2847, 1613, 1505 -1465, 1367, 807 and 692 cm-

1
; UV-Vis; Amax, abs 

(220-600 nm)(dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 256 (4.49), 331 (4.38); Fluorescence; Amax.PL 

(200-700 nm)(dry CH2Cl) 393 nm; 
1
H-NMR ~H(ppm) (300 MHz, CDC13) 0.91 (6H, d, J= 9.0 

Hz,), 1.29 (20H, m), 1.61 (4H, s (broad)), 3.29 (4H, t, J= 7.5 Hz), 6.65 (2H, d, J= 8.4 Hz), 7.05 

(lH, d, J= 4.2 Hz) 7.14 (2H, d, J= 3.8 Hz) and 7.47 (2H, d, J= 7.8 Hz), 

5-Bromo-4-thiophenyl-N,N-dialkylaniline (5) 

4-thiophene- N-dioctylaniline (1.44 g, 3.61 mmol) was dissolved in 45 ml THF in a 

two-necked flask, (0.67 g, 3. 77 mmol) NBS was added with stirring monitoring. The water was 

added, extracted with CH2Cl2, dried with anhydrous sodium sulfate evaporated solvent gave light 

yellow oil of 5-bromo-4-thiophenyl-N,N-dialkylaniline. Yield was 1.72 g, 75%. C26H~rNS; IR 

(NaCl) v1 
2927-2869, 1609, 1501 -1461, 1371, 814 and 786 cm-

1
; 

1
H-NMR ~H(ppm) (300 MHz, 

CDC13) 0.89 (6H, t, J= 6.8 Hz), 1.30 (20H, t, J= 3.7 Hz), 1.58 (4H, s (broad)), 3.27 (4H, t, J= 7.6 

Hz), 6.62 (2H, d, J= 8.6 Hz), 7.33 (2H, d, J= 8.4 Hz), 6.85 (lH, d, J= 3.6 Hz), and 6.94 (lH, d, J 

= 3.7 Hz) 

4-(2,2'-Bithiophen)-N,N-dioctylaniline (6) 



91 

A mixture of 5-bromo-4-thiophenyl-N-dialkylaniline (3.35 g, 7.00 mmol), 2-thiophene 

boronic acid (0.85 g, 6.67 mmol), sodium carbonate (14.14 g, 133.40 mmol) and Pd(PPh3) 4 (0.38 

g, 0.33 mmol) in tetrahydrofuran (100 ml) was heated at reflux for 24 h. After cool at room 

temperature, the mixture was extracted with dichloromethane and washed with water 2 times. 

The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent ad isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 4-(2,2'-bithiophen)-N,N-dioctylaniline as 

yellow oil. Yield was 2.86 g, 89%. C3JI43NS2; IR (NaCl) V1 
3072, 2920-2855, 1609, 1505 -1465, 

-I 'I 3 
1371, 796 and 684 cm ; UV-Vis; "'max, abs (220-600 nm)(dry CH2Cl2) (nm) (log E/dm /mol cm); 

222 (4.24), 380 (4.59); Fluorescence; Amax.PL (200-700 nm)(dry CH2Cl2) 470 nm; 
1
H-NMR 

~"(ppm) (300 MHz, CDCl3) 0.93 (6H, s), 1.34 (20H, m), 1.62 (4H, s), 3.30 (4H, t, J = 6.7 Hz), 

6.64 (2H, d, J= 6.7 Hz), 7.02 (2H, t, J= 4.0 Hz), 7.12 (IH, d, J= 3.5 Hz) 7.18 (2H, d, J= 4.8 Hz) 

and 7.49 (2H, d, J = 7.8 Hz); 
13C-NMR~c (ppm) (75 MHz, CDC13) 14.11, 22.67, 27.14, 29.32, 

29.46, 29.73, 31.62, 31.84, 51.15, 111.74, 121.16, 123.04, 123.76, 124.59, 126.84, 127.77 and 

137.92; M+/Z cal.= 481.8010, found= 482.4 

4-(5'-Bromo-[2,2'-bithiophen])-N,N-dioctylaniline (7) 

C8H17~' S N ., ~ A Br 
C

8
H17 - 2 

5-thiophene-4,4'-bithiophenyl-N,N-dioctylaniline (5.22 g, 10.83mmol) was dissolved 

in 80 ml THF in a two-necked flask, (2.12 g, 11.91 mmol) NBS was added with stirring 

monitoring. The water was added, extracted with CHzC12' dried with anhydrous sodium sulfate 

evaporated solvent gave yellow-green oil of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline. 
-I 

Yield was 3.09 g, 51%. C3JI42BrNS2;1R (NaCl) v 2921-2850, 1637-1615, 1502-1426, 1363, 790 
-I I s:. 

and 620 cm ; H-NMR uH(ppm) (300 MHz, CDC13) 0.97 (6H, t, J= 6.9 Hz), 1.38 (20H, m), 1.66 

(4H, s,), 3.33 (4H, s), 6.70 (2H, s), 6.92 (IH, d, J= 3.9 Hz), 6.99 (2H, d, J= 3.9 Hz), 7.01 (IH, s) 

and7.49 (2H, d, J = 8. 7 Hz) 

4-(2,2' :5' ,2"-terthiophen)-N,N-dioctylaniline (8) 

CgH17~' S N H 
CH - ~A3 

8 17 

A mixture of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline (1.95 g, 3.48 mmol), 

2-thiophene boronic acid (0.34 g, 2.68 mmol), sodium carbonate (5.67 g, 53.54 mmol) and 
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Pd(PPh)4 (0.06 g, 0.05 mmol) in tetrahydrofuran (40 ml) was heated at reflux for 24 h. After cool 

at room temperature, the mixture was extracted with dichloromethane and washed with water 2 

times. The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent ad isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 4-(2,2':5',2"-terthiophen)-N,N-dioctylaniline as 

yellow solid. Yield was 1.07 g, 60%. C
34

H45NS
3

; IR (KBr) i/ 2950-2849, 1604, 1514, 1495, 

1459, 1446, 1360, 1207, 1178, 1139, 1051, 866, 857, 843, 791, 722 and 677 cm-
1
; UV-Vis; Amax abs 

(200-800 nm)(dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 420 (4.55); Fluorescence; Amax.PL (430-800 

nm)( dry CH2Cl2) 523 nm; 
1
H-NMR bippm) (300 MHz, CDC13) 0.89 (6H, t, J = 6.9 Hz), l.30 

(20H, t, J= 4.2 Hz), l.58 (4H, s), 3.28 (4H, t, J= 7.8 Hz), 6.61 (2H, d, J= 8.7 Hz), 7.05 (SH, m), 

13 s. ( 7.16 (IH, d, J= 3.6 Hz), 7.20 (IH, d, J= 5.1 Hz) and 7.43 (2H, d, J= 8.7 Hz); C-NMRuc ppm) 

(75 MHz, CDC13) 14.10,22.65, 27.18, 27.30, 29.33, 29.50, 31.84, 51.08, 121.67, 121.04, 123.42, 

123.47, 124.24, 124.34, 124.56, 126.83, 127.85, 133.69, 135.37, 136.92, 137.36, 144.76 and 
+ 

147.80; M /Z cal.= 563.9210, found= 564.5. 

4-(5''-bromo-[2,2':5',2"-terthiophen])-N,N-dioctylaniline (9) 

4-(2,2':5',2"-Terthiophen)-N,N-dioctylaniline (1.05 g, 1.86 mmol) was dissolved in 30 

ml THF in a two-necked flask, (0.35 g, l.95 mmol) NBS was added with stirring monitoring. The 

water was added, extracted with CH2Cl2, dried with anhydrous sodium sulfate evaporated solvent 

gave yellow-green oil of 4-(5"-bromo-[2,2':5',2"-terthiophen])-N,N-dioctylaniline. Yield was 0.55 

g, 46%. UV-Vis; Amax, abs (200-800 nm)(dry C8iC1i) (run) (log E/dm
3
/mol cm); 415 (4.74); 

Fluorescence; Amax.PL (430-800 run)(dry CH2C1i) 514 nm; 
1
H-NMR ()H(ppm) (300 MHz, CDC1

3
) 

0.87 (6H, d, J= 6.9 Hz), l.29 (20H, s), 1.78 (4H, s), 3.28 (4H, t, J= 7.5 Hz), 6.61 (2H, d, J= 8.7 

Hz), 7.01-7.10 (4H, m), 7.16 (IH, d, J= 2.7 Hz), 7.20 (IH, d, J= 5.1 Hz) and 7.43 (2H, d, J= 8.7 

) 
13 s. 

Hz; C-NMRuc (ppm) (75 MHz, CDC13) 14.11, 22.67, 27.18, 27.29, 29.34, 29.51, 31.84, 51.08, 

111.65, 121.04, 123.42, 123.47, 124.24, 124.34, 124.57, 126.83, 127.85, 133.69, 135.37, 136.91, 

137.36, 144.75 and 147.78 

5'-(4-(N,N-dioctylamino)phenyl)-[2,2'-bithiophene]-5-carbaldehyde (10) 
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5-Bromo-4-thiophenyl-N,N-dialkylaniline (1.00 g, 2.1 Ommol) 5-Formyl-2-

thienylboronic acid (0.21 g, l.40mmol), sodium carbonate (2.97 g, 28 mmol) and Pd(PPh)4 (0.08 

g, 0.07mmol) in tetrahydrofuran (20 ml) was heated at reflux for 24h. After cool at room 

temperature, the mixture was extracted with dichloromethane and washed with water 2 times. 

The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent ad isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane:DCM, 2:1) to obtain pure 5'-(4-(N,N-dioctylamino)phenyl)­

[2,2'-bithiophene]-5-carbaldehyde as orange solid. Yield was 0.55 g, 77%. C31H43NOS2: 
1
H-NMR 

6ippm) (300 MHz, CDC13) 0.9 (6H, s), 1.26 (20H, m), 1.59 (4H, d, J= 17.1Hz),3.29 (4H, t, J= 

7.8 Hz), 6.14 (2H, d, J= 8.7 Hz), 7.07 (lH, d, J= 3.6 Hz), 7.19 (lH, d, J= 3.9 Hz), 7.28 (lH, d, J 
13 s. 

= 3.6 Hz), 7.44 (2H, d, J= 8.7 Hz), 7.64 (lH, d, J= 3.9 Hz) and 9.83 (lH, s); C-NMRuc (ppm) 

(75 MHz, CDC13) 14.08, 22.65, 27.16, 27.29, 29.32, 29.42, 29.70, 31.83, 51.07, 111.55, 111.65, 

120.41, 120.56, 123.19, 127.03, 127.32, 127.69, 132.31, 133.99, 137.53, 149.72, 140.72, 147.90, 

148.10 and 148.23 

5-Benzaldehyde-4-thiophene-N,N-dialkylaniline (11) 

5-Bromo-4-thiophenyl-N,N-dialkylaniline (1.14 g, 2.39 mmol) 4-Formyl 

phenylboronic acid (0.33 g, 2.17 mmol) sodium carbonate (4.60 g, 43.40mmol) and Pd(PPh3) 4 

(0.07 g, 0.06mmol) in tetrahydrofuran (34ml) was heated at reflux for 24h. After cool at room 

temperature, the mixture was extracted with dichloromethane and washed with water 2 times. 

The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent ad isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 5-Benzaldehyde-4-thiophene-N,N­

dialkylaniline as orange solid. Yield was 0.69 g, 63%. C33H45NpS: IR (NaCl) v1 
3072, 2955, 

2919, 2850, 1692, 1595, 1560, 1540, 1520, 1496, 1448, 1425, 1406, 1370, 1307, 1281, 1217, 

1191, 1167, 1109, 1066, 828, 790, 719 and 688 cm-
1
; UV-Vis; "-max. abs (220-600 nm)(dry CH

2
Cl

2
) 

(nm) (log E/dm
3
/mol cm); 316 (4.22), 431 (4.56); Fluorescence; Amax.PL (440-800 nm)(dry CH

2
Cl

2
) 

590 nm; 
1
H-NMR 6H(ppm) (300 MHz, CDC13) 0.90 (6H, t, J= 6.9 Hz), 1.31 (20H, t, J= 3.9 Hz), 

1.60 (4H, s), 3.30 (4H, t, J= 7.8 Hz), 6.63(2H, d, J= 8.7 Hz), 7.14(1H, d, J= 3.6 Hz), 7.39(1H, d, 

J = 3.6 Hz) 7.48(2H, d, J = 8.7 Hz), 7.72 (2H, d, J = 8.4 Hz), 7.85 (2H, d, J = 8.1 Hz) and 

9.98(1H, s); 
13

C-NMR6c (ppm) (75 MHz, CDCl) 14.10, 22.66, 27.17, 27.30, 29.33, 29.50, 29.71, 
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31.84, 51.08, 111.64, 120.82, 121.67, 125.23, 126.16, 126.97, 130.47, 134.49, 138.83, 140.54, 

147.54, 148.08 and 191.39 

4-(5'-Benzaldehyde-[2,2'-bithiophen])-N,N-dioctylaniline (12) 

4-(5'-Bromo-[2,2'-bithiophen])-N,N-dioctylaniline (0.59 g, 1.04 mmol) 4-Formyl 

phenyl boronic acid (0.13 g, 0.81 mmol) sodium carbonate (1.84 g, 17.40 mmol) and Pd(PPh3) 4 

(0.03 g, 0.02 mmol) in tetrahydrofuran (14ml) was heated at reflux for 24h. After cool at room 

temperature, the mixture was extracted with dichloromethane and washed with water 2 times. 

The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent ad isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 4-(5'-Benzaldehyde-[2,2'-bithiophen])-N,N­

dioctylaniline as orange solid. Yield was 0.46 g, 90%. C37H47NOS: IR (KBr) v1 
2955, 2920, 

2852, 1694, 1597, 1556, 1529, 1514, 1494, 1455, 1399, 1366, 1308, 1276, 1236, 1215, 1188, 

1167, 1111, 1058, 868, 821, 790, 721, and 694 cm.
1
; UV-Vis; "-max, abs (200-800 nm)(dry CH2Cl2) 

(nm) (log E/dm
3
/mol cm); 455 (4.60); Fluorescence; "-max.PL (450-800 nm)(dry CH2Cl2) 633 nm; 

1
H-NMR ()H(ppm) (300 MHz, CDC13) 0.91 (6H, t, J= 6.9 Hz), 1.32 (20H, t, J= 4.20 Hz), 1.62 

(4H, d, J= 10.2 Hz), 3.31 (4H, t, J= 7.5 Hz), 6.64 (2H, d, J= 8.7 Hz), 7.06 (lH, d, J= 3.3 Hz) 

7.17(2H, d, J= 3.6 Hz), 7.39(1H, d, J= 3.6 Hz), 7.46 (2H, d, J= 8.7 Hz), 7.74 (2H, d, J= 8.1 

Hz)7.88(2H, d, J= 8.1 Hz) and 10.0 (lH, s); 
13

C-NMR()c (ppm) (75 MHz, CDCl3) 14.10, 22.66, 

27.17, 27.30, 29.33, 29.50, 31.84, 51.08, 11 l.66, 120.88, 121.13, 123.98, 125.18, 125.49, 125.91, 

126.88, 130.50, 133.37, 134.87, 139.76, 139.93, 140.17, 145.51, 147.91and191.35; M+/Z cal.= 

585.9052, found= 585.6. 

1 O-Octylphenothiazine (14) 

Phenothiazine (10.0 g, 50.18mmol) was dissolved in N,N-dimethylsulphoxide (86 ml), 

then 50% NaOH (8 ml) and tetrabutylamonium bromide was added with stirring. The solution 

became deep red, bromooctane (10.17 ml, 52.63 mmol) was added and the solution became black. 

Stirring at room temperature overnight, water ( l 00 ml) was added and extracted with CH Cl 
2 2 
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twice. The combined organic layer was washed with dilute HCl (100 ml), dried over anhydrous 

sodium sulfate, filtered and purified by column chromatography (silica gel, hexane) to give the 

yellow oil. Yield was 9.1 g (92%). C
20

H25NS; 
1
H-NMR Oippm) (300 MHz, acetone-D

6
)1.09 

(3H, t, J= 6.9 Hz), 1.58 (lOH, m), 1.95 (2H, m), 3.95 (2H, t, J= 6.7 Hz), 7.02 (4H, m) and 7.29 

(4H, d, J= 7.3 Hz); 
13

C-NMROc (ppm) (125 MHz, acetone-D
6

) 13.46, 22.38, 26.51, 26.65, 31.56, 
+ 

46.83, 115.77, 122.34, 124.70, 127.10, 127.37 and 145.43; M /Z cal. = 311.487, found = 

311.2649. 

3, 7-Dibromo-10-octylphenothiazine (15) 

10-0ctylphenothiazine (3.00 g, 9.63 mmol) was dissolved in 20 ml THF in a two­

necked flask, (3.59 g, 20.23 mmol) NBS was added with stirring and monitoring. The water was 

added, extracted with C8iC12, dried with anhydrous sodium sulfate evaporated solvent gave 

3,7-dibromo-10-octylphenothiazine asbrown oil. Yield was 4.90 g (98%). C
20

H
23

Br
2
NS; 

1
H-NMR 

OH(ppm) (300 MHz, acetone-D6) 0.89 (3H, t, J= 6.9 Hz), 1.29 (lOH, m), 1.73 (2H, m), 3.73 (2H, 
13 5:. 

t, J = 7.4 Hz), 6.64 (2H, d, J = 8.5 Hz) and 7.20 (4H, m); ); C-NMRuc (ppm) (125 MHz, 
+ 

acetone-D6)13.45, 22.36, 26.36, 47.08, 114.26, 117.51, 126.34, 129.24, 130.36 and 144.43; M /Z 

cal.= 469.279, found= 469.038. 

3-Bromo-7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl-phenothiazine (16) 

To a mixture of Cul (0.88 g, 4.62 mmol), ~P04 (4.91 g, 23.12mmol), and 3,6-di-tert­

butylcarbazole (2.30 g, 8.25mmol) in toluene (80 mL) were added 3, 7-Dibromo-10-

octylphenothiazine (13.02 g, 27.74mmol) and (+/-)-trans-1,2-diaminocyclohexane (0.57 g, 

4.99mmol). The reaction mixture was stirred at 110 °C under nitrogen. After 48 h, water (100 

ml) was added until the two phases mixed. The solution was extracted with CH
2
Cl

2 
(100 ml x 3), 

washed with water (100 ml), brine solution (100 ml) and dried with Na
2
S0

4
, filtered, and the 
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solvents removed to dryness. After the solvent was evaporated. The crude product was purified 

by column chromatography on silica gel with hexane as eluent to yield 3-bromo-7-(3,6-di-tert­

butyl-carbazol-9-yl)-10-octyl-phenothiazine(4.16 g, 75%) as white solid. C40H47BrN2S; 
1
H-NMR 

6H(ppm) (300 MHz, acetone-DJ 0.84 (3H, cl, J= 4.8 Hz), 1.42 (28H, m), 1.86 (2H, t, J= 6.9 Hz), 
13 

4.02 (2H, t, J = 6.6 Hz), 7.01 (lH, cl, J = 8.7 Hz), 7.29-7.49 (9H, m) and 8.24 (lH, s); ); C-

NMROc (ppm) (125 MHz, acetone-D6) 13.53, 22.40, 26.51, 26.88, 31.48, 34.40, 47.26, 54.96, 

69.56, 91.17, 92.75, 96.67, 98.98, 107.03, 107.32, 108.51, 109.10, 110.78, 113.23, 115.36, 

116.16, 116.36, 116.78, 117.47, 118.87, 119.45, 123.61, 124.83, 125.34, 126.11, 127.54, 129.31, 

130.30 and 142.64; M+/Z cal.= 666.794, found= 666.3814. 

4-(7-(3,6-Di-tert-bu tyl-carbazol-9-yl)-10-octyl-phenothiazine )benzaldehyde (17) 

A mixture of 3-bromo-7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl-phenothiazine (0.5 

g, 0.75mmol) 4-formyl-phenylboronic acid (0.11 g, 0.75mmol), sodium carbonate (1.06 g, 

10.0mmol) and Pd(PPh3) 4 (0.02 g, 0.02mmol) in tetrahydrofuran (8 ml) was heated at reflux for 

24h. After cool at room temperature, the mixture was extracted with dichloromethane and washed 

with water 2 times. The combined extracted was washed with water, dried over sodium sulphate, 

evaporated to remove solvent and isolated by vacuum distillation. The residue was subjected to 

column chromatography (silica gel, hexane:DCM, 2:1) to obtain pure4-(7-(3,6-di-tert-butyl­

carbazol-9-yl)-10-octyl-phenothiazin-3-yl)benzaldehyde as orange solid. Yield was 0.31 g, 60%. 

C4~52NOS; IR (KBr) V1 
3554, 3473, 3406, 2956, 2928, 2851, 1700, 1602, 1264, 1168, 809 cm.

1
; 

1
H-NMR OH(ppm) (300 MHz, acetone-DJ 0.80 (3H, cl, J = 6.6 Hz), 1.25 (18H, t, J = 10.8 Hz), 

1.41(10H, s), 3.88(2H, t, J= 6.9 Hz), 6.92(1H, d, J= 8.4 Hz), 7.19 (SH, m), 7.43 (4H, m), 7.27 

(2H, cl, J= 8.1 Hz), 7.88 (2H, cl, J= 8.lHz), 8.28 (2H, s) and 10.06(1H, s); 
13

C-NMROc (ppm) (75 

MHz, CDC13) 14.10, 22.64, 26.93, 26.99, 29.24, 31.76, 32.03, 34.73, 47.85, 109.16, 115.77, 

116.05, 116.22, 123.26, 123.57, 125.06, 125.76, 125.86, 126.14, 126.47, 126.84, 130.35, 132.95, 

134.99, 139.44, 142.80, 143.70, 145.80 and 191.72; M+/Z cal.= 693.006, found= 693.5336. 
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3-(3,6-Di-tert-bu tyl-carbazol-9-yl)-10-octyl-7-( thiop hen-2-yl)-phenothiazine (18) 

A mixture of 3-bromo-7-(3,6-di-tert-butyl-carbazol-9-yl)-10-octyl-phenothiazine (4.00 

g, 5.99 mmol), 2-thiopheneboronic acid (0.77 g, 5.99mmol), sodium carbonate (7.63 g, 

74.82mmol) and Pd(PPh3) 4 (0.10 g, 0.09 mmol) in tetrahydrofuran (36 ml) was heated at reflux for 

24 h. After cool at room temperature, the mixture was extracted with dichloromethane and 

washed with water 2 times. The combined extracted was washed with water, dried over sodium 

sulphate, evaporated to remove solvent and isolated by vacuum distillation. The residue was 

subjected to column chromatography (silica gel, hexane) to obtain pure3-(3,6-di-tert-butyl­

carbazol-9-yl)-10-octyl-7-(thiophen-2-yl)-phenothiazine as yellow solid. Yield was 3.03 g, 75%. 
-I 

C44H50N2S2: IR (KBr) V 3412, 2956, 2917, 2857, 2357, 1604, 1476, 1327, 1294, 1262, 1198, 875, 

812 and 694 cm-
1
; 

1
H-NMR C>H(ppm) (500 MHz, acetone-DJ 0.87 (3H, t, J= 6.5 Hz), 1.29 (12H, 

s), 1.44 (IOH, s),1.75 (2H, m), 4.07 (2H, s), 7.12 (2H, m), 7.29 (3H, t, J= 8.5 Hz), 7.38 (4H, m), 

7.50 (4H, m) and 8.26 (2H, s); 
13

C-NMRC>c (ppm) (75 MHz, CDC13) 14.13, 22.67, 27.01, 29.26, 

31.79, 32.07, 34.75, 109.23, 115.95, 116.20, 123.25, 123.57, 124.32, 1255.82, 127.97, 139.49 and 
+ 

142.77; M /Z cal.= 671.018, found= 670.521. 

3-( 5-Bromothiophen-2-yl)-7-(3,6-di-tert-butyl-carbazol)-10-octyl-pbenotbiazine 

(19) 

A mixture of 3-(3,6-di-tert-butyl-carbazol-9-yl)-1 O-octyl-7-(thiophen-2-yl)-

phenothiazine (2.37 g, 3.53mmol) was dissolved in 30 ml THF in a two-necked flask, (0.66 g, 

3.71mmol) NBS was added with stirring monitoring. The water was added, extracted with 
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CH
2
Cl2, dried with anhydrous sodium sulfate evaporated solvent gave 3-(5-bromothiophen-2-yl)-

7-(3,6-di-tert-butyl-carbazol)-10-octyl-phenothiazine as yellow solid. Yield was 2.28 g, 86%. IR 

(KBr) V 1 
3401, 2956, 2923, 2857, 2357, 1476, 1294, 1292, 877, 812, 784 and 614 cm-

1
; 

1
H-NMR 

bH(ppm) (500 MHz, acetone-D
6
) 0.86 (3H, t, J= 7.0 Hz), 1.35 (8H, m), 1.44 (14H, m), 1.55 (2H, 

t, J= 8.0 Hz), 4.05 (2H, t, J= 7.0 Hz), 7.08 (lH, d, J= 8.5 Hz), 7.12 (lH, d, 1=4.0 Hz), 7.20 (lH, 

d, J= 4.0 Hz), 7.28 (3H, t, J= 8.5 Hz), 7.34 (lH, d, J= 2.0 Hz), 7.42 (3H, m), 7.47 (2H, dd, J= 

8.7 Hz) and 8.26 (2H, s); 
13

C-NMRbc (ppm) (125 MHz, acetone-06)13.54, 22.42, 26.55, 26.61, 

31.49, 31.60, 34.42, 47.26, 109.12, 116.27, 116.36, 116.65, 123.14, 123.29, 123.62, 123.92, 
+ 

124.93, 125.29, 125.42, 125.99, 128.22, 131.41, 132.71, 139.40, 142.63, 143.92 and 144.77; M /Z 

cal.= 749.914, found= 748.455. 

4-( 5-(7-(3,6-Di-tert-b utyl-carbazol)-1 O-Octylp henothiazine )thiophene) 

benzaldehyde (20) 

A mixture of 3-(5-bromothiophen-2-yl)-7-(3,6-di-tert-butyl-carbazol)-10-octyl­

phenothiazine (0.5 g, 0.67mmol) 4-formyl-phenylboronic acid (0.09 g, 0.67mmol), sodium 

carbonate (1.69 g, 16.0 mmol) and Pd(PP~)4 (0.01 g, O.Olmmol) in tetrahydrofuran (10 ml) was 

heated at reflux for 24 h. After cool at room temperature, the mixture was extracted with 

dichloromethane and washed with water 2 times. The combined extracted was washed with 

water, dried over sodium sulphate, evaporated to remove solvent and isolated by vacuum 

distillation. The residue was subjected to column chromatography (silica gel, hexane:DCM, 2:1) 

to obtain pure4-(5-(7-(3 ,6-Di-tert-butyl-carbazol)-10-octy lphenothiazine )thiophene )benzaldehyde 

as orange solid. Yield was 0.31g,60%. C51H54NOS2; IR (K.Br) V1
3549, 3462, 3412, 2950, 2923, 

2857, 1695, 1559, 1476, 1443, 1256, 872 and 795 cm-
1
; 

1
H-NMR bH(ppm) (300 MHz, CDC1

3
)0.94 

(3H, t, J= 6.9 Hz), 1.37 (12H, s), 1.57 (16H, m), 1.93 (2H, d, J= 6.3 Hz), 3.90 (2H, d, J= 6.9 

Hz), 6.85 (lH, d, J= 8.7 Hz), 7.02 (lH, d, J= 9.0 Hz), 7.19 (lH, d, J= 3.9 Hz), 7.47 (7H, m), 7.53 

(2H, dd, J= 6.9 Hz), 7.72 (2H, d, J= 8.1 Hz), 7.86 (2H, d, J= 8.4), 8.26 (2H, s) and 9.99 (lH, s); 
13

C-NMRbc (ppm) (75 MHz, CDC13) 14.23, 22.74, 26.95, 27.04, 29.33, 31.86, 32.14, 34.81, 

47.82, 109.31, 115.69, 116.31, 123.36, 123.68, 124.58, 124.97, 125.03, 125.51, 125.58, 125.67, 
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125.80, 126.14, 128.61, 130.48, 132.89, 134.97, 139.47, 139.96, 140.98, 142.87, 143.68, 144.67, 

144.92, and 191.24; M+/Z cal.= 775.1266, found= 774.5890. 

3-(2,2'-Bithiophene)-7-(3,6-di-tert-butyl-carbazol)-10-octylphenothiazine (21) 

A mixture of 3-(5-bromothiophen-2-yl)-7-(3,6-di-tert-butyl-carbazol)-10-octyl­

phenothiazine (2.46 g, 3.28mmol), 2-thiopheneboronic acid (0.42 g, 3.28mmol), sodium carbonate 

(6.36 g, 60.00mmol) and Pd(PPh
3
) 4 (0.07 g, 0.07 mmol) in tetrahydrofuran (40 ml) was heated at 

reflux for 24 h. After cool at room temperature, the mixture was extracted with dichloromethane 

and washed with water 2 times. The combined extracted was washed with water, dried over 

sodium sulphate, evaporated to remove solvent ad isolated by vacuum distillation. The residue 

was subjected to column chromatography (silica gel, hexane) to obtain 3-(2,2'-bithiophene)-7-

(3,6-di-tert-butyl-carbazol)-10-octylphenothiazine as orange solid. Yield was 2.21 g, 87%. 

C48H52N2S3: IR (K.Br) V1
3549, 3412, 2956, 2846, 2362, 1635, 1618, 1467, 1481, 1448, 1360, 

1294, 1259, 809, 688 and 614 cm.
1
; 

1
H-NMR ~8(ppm) (500 MHz, acetone-D

6
) 0.87 (3H, t, J= 6.5 

Hz), 1.30 (7H, s), 1.45 (18H, s), 1.57 (2H, d, J= 7.0 Hz), 4.10 (2H, t, J= 7.0 Hz), 7.11 (lH, t, J= 

3.6 Hz), 7.15 (lH, d, J= 8.5 Hz), 7.26 (lH, d, J= 3.5 Hz), 7.31 (3H, d, J= 8.5 Hz), 7.38 (2H, d, J 

= 4.5 Hz), 7.43 (2H, d, J= 5.5 Hz), 7.52 (3H, m) and 8.30 (2H, s); 
13C-NMR~c (ppm) (125 MHz, 

acetone-D)13.49, 22.40, 26.53, 26.62, 31.43, 31.59, 34.39, 47.23, 109.12, 116.31, 116.40, 116.67, 

123.31, 123.56, 123.64, 123.69, 123.84, 124.76, 124.82, 124.87, 125.31, 125.45, 126.02, 128.10, 

128.73, 132.68, 139.43, 142.64, and 144.01; M+/Z cal.= 753.138, found= 753.4824. 

3-(S'-Bromo-[2,2'-bithiophen])-7-(3,6-di-tert-butyl-carbazol)-10-dodecyl­

phenothiazine (22) 
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A mixture of 3-([2,2'-bithiophen))-7-(3,6-di-tert-butyl-carbazol)-10-dodecyl-

phenothiazine (0.24 g, 0.31 mmol) was dissolved in 20 ml THF in a two-necked flask, (0.06 g, 

0.32 mmol) NBS was added with stirring monitoring. The water was added, extracted with 

CH
2
Cl

2
, dried with anhydrous sodium sulfate evaporated solvent gave yellow solid of 3-(5'­

bromo-[2,2'-bithiophen])-7-(3,6-di-tert-butyl-carbazol)- l 0-dodecyl-phenothiazine as yellow solid. 

Yield was 0.26 g, 98%. C
49

H
53

BrN
2
S

3
: IR (KBr) i/ 3549, 3483, 3412, 2956, 2923, 2851, 2362, 

1637, 1613, 1478, 1454, 1259, 787 and 609 cm.
1
; 

1
H-NMR OH(ppm) (500 MHz, acetone-D6) 0.87 

(3H, t, J= 6.5 Hz), 1.29 (12H, s), 1.41 (16H, s), 1.55 (2H, t, J= 7.0 Hz), 4.06 (2H, t, J= 7.0 Hz), 

7.11 (2H, d, J= 4.0 Hz), 7.15 (lH, d, J= 3.5 Hz),7.24 (lH, d, J= 4.0 Hz), 7.28 (3H, t, J= 7.0 Hz), 
13 s:. 

7.36 (2H, s), 7.40 (lH, d, J= 8.5 Hz),7.51 (4H, t, J= 7.6 Hz) and 8.30 (2H, s); C-NMRuc (ppm) 

(125 MHz, acetone-D
6
)13.49, 22.40, 26.53, 26.61, 31.44, 31.59, 34.39, 47.23, 109.12, 116.28, 

116.40, 116.66, 123.31, 123.63, 124.06, 124.86, 124.95, 125.29, 125.42, 125.99, 128.46, 131.39, 

132.70, 132.70, 134.42, 139.40, 142.56, 142.64, 143.92 and 144.66; M+/Z cal.= 830.0340, found 

= 830.3154. 

4-(5'-(7-{3,6-Di-tert-butylcarbazole)-10-octylphenothiazine)-[2,2'-bithiophen]) 

benzaldehyde (23) 

A mixture of 3-(5'-bromo-[2,2'-bithiophen])-7-(3,6-di-tert-butyl-carbazol)-l 0-dodecyl­

phenothiazine (0.2 g, 0.23mmol) 4-formyl-phenylboronic acid (0.03 g, 0.23mmol), sodium 

carbonate (0.53 g, 5.0 mmol) and Pd(PPh
3
) 4 (0.01 g, O.Olmmol) in tetrahydrofuran (10 ml) was 

heated at reflux for 24 h. After cool at room temperature, the mixture was extracted with 

· dichloromethane and washed with water 2 times. The combined extracted was washed with 

water, . dried over sodium sulphate, evaporated to remove solvent ad isolated by vacuum 

distillation. The residue was subjected to column chromatography (silica gel, hexane:DCM, 2: 1) 

to obtain pure4-(5'-(7-(3 ,6-di-tert-butylcarbazole )-10-octylphenothiazine )-[2,2'-bithiophen]) 

benzaldehyde as orange solid Yield was 0.05 g, 24%. C55H56
NpS

3
: IR (KBr) V1 

3549, 3412, 
·I I s;. 

2956, 2857, 1695, 1599, 1481, 1262, 872 and 792 cm ; H-NMR uH(ppm) (500 MHz, acetone-D
6
) 

0.94 (3H, t, J= 6.5 Hz), 1.36 (12H, s), 1.52 (16H, s), 1.60 (2H, t, J= 1.5 Hz), 4.10 (2H, t, J= 1.0 
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Hz), 7.13 (lH, d, J= 8.5 Hz), 7.30 (lH, d, J= 8.5 Hz), 7.36-7.47 (7H, m), 7.56 (4H, m), 7.68 (lH, 

d, J= 4.0 Hz), 7.93 (2H, d, J= 8.5 Hz), 8.00 (2H, d, J= 8.5 Hz), 8.34 (2H, s) and 10.09 (lH, s); 
13 s:. C-NMRu

0 
(ppm) (125 MHz, acetone-D6) 13.57, 22.43, 26.58, 26.63, 31.51, 31.62, 34.42, 47.29, 

109.15, 116.20, 116.36, 116.59, 123.30, 123.62, 123.67, 123.93, 124.93, 124.96, 125.47, 125.52, 

125.92, 126.53, 128.51, 130.30, 132.68, 135.52, 139.38, 142.62 and 191.07; M+/Z cal. = 

857.2460, found= 856.7830. 

[2,2' :5 ',2' '-Terthiophene ]-5-carbaldehyde-7-(3,6-di-tert-butyl-carbazol)-10-

dodecyl-p henothiazine (24) 

A mixture of 3-(5'-bromo-[2,2'-bithiophen])-7-(3,6-di-tert-butyl-carbazol)- l 0-dodecyl­

phenothiazine (0.29 g, 0.33 mmol) 5-formyl-2-thienylboronic acid (0.05 g, 0.34 mmol), sodium 

carbonate (0.69 g, 6.58 mmol) and Pd(PP~)4 (0.01 g, 0.009 mmol) in tetrahydrofuran (5 ml) was 

heated at reflux for 24 h. After cool at room temperature, the mixture was extracted with 

dichloromethane and washed with water 2 times. The combined extracted was washed with 

water, dried over sodium sulphate, evaporated to remove solvent and isolated by vacuum 

distillation. The residue was subjected to column chromatography (silica gel, hexane:DCM, 2: 1) 

to obtain pure[2,2':5' ,2"-terthiophene ]-5-carbaldehyde-7-(3,6-di-tert-butyl-carbazol)-l 0-dodecyl­

phenothiazine as orange solid. Yield was 0.16 g, 55%. 

3-[2,2':5',2"-Terthiophene]-5-carbaldehyde-7-(diethylamino)-coumarin (26) 

A mixture of 3-(5'-bromo-[2,2'-bithiophen])-7-(diethylamino)-coumarin (0.22g, 0.48 

mmol), 5-formyl-2-thienylboronic acid (0.08 g, 0.51 mmol), sodium carbonate (1.01 g, 9.60 

mmol) and Pd(PP~)4 (0.03 g, 0.02 mmol) in tetrahydrofuran (10 ml) was heated at reflux for 24 h. 

After cool at room temperature, the mixture was extracted with dichloromethane and washed with 

water 2 times. The combined extracted was washed with water, dried over sodium sulphate, 
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evaporated to remove solvent and isolated by vacuum distillation. The residue was subjected to 

column chromatography (silica gel, hexane:DCM, 2:1) to obtain pure3-[2,2':5',2"-terthiophene]-5-

carbaldehyde-7-(diethylamino)-coumarinas orange solid. Yield was 0.23 g, 60%. C26H21N03S3: 

IR (K.Br) V1 
2950-2849, 1698, 1651, 1615, 1589, 1515, 1444, 1378, 1350, 1257, 1233, 1133, 861 

·I "I 3 
and 790 cm ; UV-Vis; /\.max. abs (200-800 nm)( dry CH2Cl2) (nm) (log E/dm /mol cm); 486 (4.52); 

Fluorescence; Amax.PL (430-800 nm)(dry CH2Cl2) 598 nm; 
1
H-NMR ()H(ppm) (500 MHz, CDC13) 

1.15 (6H, s), 3.35-3.40 (4H, m), 6.48 (lH, s), 6.55 (lH, dd, J= 5.5 Hz), 7.11 (IH, d, J= 3.9 Hz), 

7.14 (IH, d, J= 5.0 Hz), 7.16 (IH, d, J= 5.0 Hz), 7.23 (IH, d, J= 5.1 Hz), 7.26 (IH, d, J= 7.9 

Hz), 7.49 (IH, d, J= 6.9 Hz), 7.60 (lH, d, J= 6.9 Hz), 7.84 (lH, s) and 9.79 (lH, s); M+/Z cal.= 

491.636, found= 491.2. 

7 .3 Synthesis of target molecules 

4,4'-2,2'-Bithiophene-5,5'-bis{N,N-dioctylaniline) {PT2) 

A total of 5-bromo-4-thiophenyl-N,N-dialkylaniline (0.71 g, 1.48 mmol), [Me3Sn]2 

(0.19 g, 0.59 mmol) and Pd(PPh3) 4 (0.01 g, 0.01 mmol) were refluxed in anhydrous toluene over 

night under Nr The resulting mixture was collected via vacuum filtration and filtered through a 

silica gel column to remove tin by product afforded 4,4'-2,2'-bithiophene-5,5'-bis(N,N­

dioctylaniline) as orange viscos oil. Yield was 0.22 g, 48%. C52H80N2S2; IR (K.Br) V1
3072-2855, 

1743, 1609, 1537, 1508, 1458, 1432, 1367, 1277, 1201, 118, 1010, 843, 804 and 684; UV-Vis; 

A.. (200-800 nm)(dry CH2Cl2) (nm) (log £/dm
3
/mol cm); 421 (4.65); Fluorescence; ~L (400-800 

nm)( dry CH2Cl2) 495 nm; 
1
H-NMR ()H(ppm) (300 MHz, CDC1

3
) 0.90 (12H, t, J = 6.8 Hz), 1.30 

(40H, t, J= 8.1 Hz), 1.60 (8H, d, J= 8.0 Hz), 3.28 (8H, t, J= 7.8 Hz), 6.61 (4H, dd, J= 6.1 Hz), 

7.12 (2H, d, J= 3.5 Hz), 7.23 (2H, d, J= 3.2 Hz) and 7.45 (4H, d, J= 8.7 Hz); 
13

C-NMR6c (ppm) 

(75 MHz, CDC13) 14.10, 22.66, 24.88, 27.16, 29.14, 29.47, 29.72, 29.78, 31.61, 31.83, 31.94, 

51.15, 111.74, 120.60, 122.41, 127.12 and 127.79. 

4,4 '-(2,2' :5' ,2"-Terthiophene]-5,5"-bis{N,N-dioctylaniline) (PT3) 

A mixture of 5-bromo-4-thiophenyl-N-dialkylaniline (0.55 g, 1.15 mmol), 2,5-

thiophene-diboronic acid (0.078 g, 0.46 mmol), sodium carbonate (0.97 g, 9.20 mmol) and 
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Pd(PPh
3
)

4 
(0.03 g, 0.02 mmol) in tetrahydrofuran (20 ml) was heated at reflux for 24 h. After cool 

at room temperature, the mixture was extracted with dichloromethane and washed with water 2 

times. The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent and isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 4,4'-[2,2':5',2"-terthiophene]-5,5"-bis(N,N­

dioctylaniline) as orange viscos oil. Yield was 0.25 g, 62%. C
56

H82N2
S

3
; IR (NaCl) V1 

2855-

3072, 1869, 1743, 1609, 1537, 1508, 1458, 1432, 1367, 1277, 1201, 1118, 1010, 843, 804 and 684 
-I '"I 3 

cm ; UV-Vis; /\.max, abs (220-600 nm)(dry CH2Cl2) (nm) (log E/dm /mol cm); 438 (3.95); 

Fluorescence; Amax.PL (400-700 nm)(dry CH2Cl2) 528 nm; 
1
H-NMR bippm) (500 MHz, CDCl) 

0.81 (12H, m), 1.18 (40H, m), 1.47 (8H, s), 3.21 (8H, t, J= 10.0 Hz), 6.55 (4H, d, J= 5.0 Hz), 

6.69 (6H, t, J= 5.0 Hz) and 7.36 (4H, d, J= 10.0 Hz); M+/Z cal.= 879.450, found= 879. 

4,4'-[2,2':5',2":5'',2'''-Quaterthiophene)-5,5"'-bis(N,N-dioctylaniline) (PT4) 

A total of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline (0.42 g, 0.75 mmol), 

[Me3Sn]2 (0.12 g, 0.37 mmol), and Pd(PPh3) 4 (0.004 g, 0.0037 mmol) were refluxed in anhydrous 

toluene under N2 for 48 h. After cool at room temperature, the mixture was extracted with 

dichloromethane and washed with water 2 times. The combined extracted was washed with 

water, dried over sodium sulphate, evaporated to remove solvent ad isolated by vacuum 

distillation. The residue was subjected to column chromatography (silica gel, DCM:hexane) to 

obtain 4,4'-[2,2':5',2":5",2"'-quaterthiophene]-5,5"'-bis(N,N-dioctylaniline). Yield was0.1822 g, 

51%. C~84N2S4; IR (KBr) V1 
2934-2862, 1606, 1497 -1454, 1367, 796 and 616 cm-1; UV-Vis; 

Amax, abs (220-600 nm)(dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 260 (4.60), 336 (4.47), 457 (4.95); 

Fluorescence; Amax.PL (200-700 nm)(dry CH2C~) 543 nm; 
1
H-NMR OH(ppm) (300 MHz, CDC1

3
) 

0.90 (12H, t, J= 6.6 Hz), 1.32 (40H, d, J= 8.4 Hz), 3.30 (8H, s), 6.65 (4H, s (broad)), 7.09 (8H, d, 

J= 8.4 Hz), 7.46 (4H, s); 
13

C-NMR0c (ppm) (75 MHz, CDC1
3
) 14.08, 22.63, 27.10, 29.28, 29.42, 

31.80, 51.08, 76.58, 77.01, 77.21, 77.43, 111.73, 121.12, 123.69, 124.15, 124.61 and 126.85. 
+ 

M /Z cal.= 961.58, found= 961. 

4,4'-[2,2':5',2'':5'',2"':5''',2""-quinquethiophene]-5,5''''-bis(N,N-dioctylaniline) 

(PT5) 
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A mixture of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline (1.76 g, 3.15 mmol), 

2,5-thiophene-diboronic acid (0.208 g, 1.21 mmol), sodium carbonate (2.64 g, 25.02 mmol) and 

Pd(PPh
3
) 4 (0.07 g, 0.06 mmol) in tetrahydrofuran (20 ml) was heated at reflux for 24 h. After cool 

at room temperature, the mixture was extracted with dichloromethane and washed with water 2 

times. The combined extracted was washed with water, dried over sodium sulphate, evaporated to 

remove solvent and isolated by vacuum distillation. The residue was subjected to column 

chromatography (silica gel, hexane) to obtain pure 4,4'-[2,2':5',2":5",2"':5"',2""-quinquethiophene]-

5,5""-bis(N,N-dioctylaniline) as yellow oil. Yield was 0.57 g, 33%. C64H86N2S5; IR (KBr) V1 

3095-2851, 1605, 1518, 1494, 1455, 1366, 1143, 1070, 849, 787, 720 and 623; UV-Vis; Amax, abs 

(220-600 nm)(dry CH2Cl
2

) (nm) (log E/dm
3
/mol cm); 464 (4.70); Fluorescence; Amax.PL (400-700 

nm)(dry CH
2
Cl2) 549 nm; 

1
H-NMR bH(ppm) (300 MHz, CDC13) 0.89 (12H, t, J= 12.6 Hz), 1.32 

(40H, m), 1.61 (8H, s), 3.30 (8H, t, J= 6.90 Hz), 6.63 (4H, d, J= 8.7 Hz), 7.08 (IOH, m) and 7.45 
13 ~ 

(4H, d, J = 8.7 Hz) ; C-NMRuc (ppm) (75 MHz, CDC1
3

) 14.09, 22.65, 27.18, 27.30, 29.32, 

29.50, 29.70, 31.83, 51.08, 111.68, 121.07, 123.52, 124.11, 124.30, 124.65, 126.84, 133.63, 

135.05, 135.99, 137.06, 144.88 and 147.82. M+/Z cal.= 1043.76, found= 1044. 

4,4 '-(2,2' :5' ,2" :5" ,2"' :5"' ,2 '"' :5"" ,2 "'"-Sexithiophene )-5,5'" "-bis(N ,N-

dioctylaniline) (PT6) 

A total of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline (0.54 g, 0.85 mmol), 

[Me3Sn]2 (0.13 g, 0.41 mmol) and Pd(PPh3)4 (0.009 g, 0.008 mmol) were refluxed in anhydrous 

toluene (15 ml) under N2 for 48 h. After cool at room temperature, the mixture was extracted with 

dichloromethane and washed with water 2 times. The combined extracted was washed with 

water, dried over sodium sulphate, evaporated to remove solvent and isolated by vacuum 

distillation. The residue was subjected to column chromatography (silica gel, DCM:hexane) to 

obtain 4,4'-[2,2':5',2":5",2"':5'",2"":5"",2"'"-sexithiophene]-5,5"'"-bis(N,N-dioctylaniline) as red 

solid. Yield was0.14 g, 31%. C68"ssN2S6; IR (KBr) V1 
3095-2850, 1605, 1514, 1493, 1455, 

1399, 1366, 1270, 1142, 1069, 847, 788, 720, 689 and 623; UV-Vis; Amax, abs (220-600 nm)(dry 

CH2C1i) (nm) (log E/dm
3
/mol cm); 433 (4.63); Fluorescence; Amax.PL (400-700 nm)(dry CH

2
C1i) 

549 nm; 
1
H-NMR bH(ppm) (300 MHz, CDC13) 0.87 (12H, t, J= 6.6 Hz), 1.29 (40H, t, J= 10.2 Hz 

), 1.58 (8H, s), 3.17 (8H, s), 6.61 (4H, d, J= 8.4 Hz), 7.06 (8H, m), 7.16 (4H, dd, J= 3.3 Hz) and 

7.43 (4H, d, J= 8.70 Hz); 
13

C-NMRbc (ppm) (75 MHz, CDC13) 14.10, 22.65, 27.10, 27.18, 27.29, 

29.23, 29.33, 29.50, 29.71, 31.83, 43.87, 51.08, 109.81, 111.11, 111.68, 121.04, 122.06, 123.48, 
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123.61, 123.78, 124.25, 124.36, 124.51, 126.05, 126.83, 127.85, 129.54, 134.77, 137.22, 144.68 

and 147.79. M+/Z cal.= 1124.5271, found= 1124. 

4,4 '-( (9,9-dihexylfluorene-2, 7-diyl)-bis( thiophene) )-bis(N ,N-dioctylaniline) (PTlF) 

A mixture of 5-bromo-4-thiophenyl-N,N-dialkylaniline (0.70 g, 1.46 mmol), 

9,9-dihexylfluorene-2,7-diboronic acid (0.29 g, 0.69 mmol), sodium carbonate (1.46 g, 13.8 

mmol) and Pd(PPh
3
) 4 (0.024 g, 0.02 mmol) in tetrahydrofuran (15 ml) was heated at reflux for 24 

h. After cool at room temperature, the mixture was extracted with dichloromethane and washed 

with water 2 times. The combined extracted was washed with water, dried over sodium sulphate, 

evaporated to remove solvent and isolated by vacuum distillation. The residue was subjected to 

column chromatography (silica gel, hexane) to obtain pure 4,4'-(5,5'-(9,9-dihexyl-fluorene-2,7)­

bis(thiophene-5,2-))bis(N,N-dioctylaniline) as yellowish viscos oil. Yield was 0.33 g, 42%. 
-I 

C77H 112N2S2; IR (K.Br) V 2952-2851, 1606, 1541, 1515, 1472, 1397, 1367, 1271, 1233, 1190, 

1110, 1064, 946, 879, 813, 790, 721 and 652;UV-Vis; Amu, abs (220-600 nm)(dry CH2Cl2) (nm) 
3 '\ ( I (log E/dm /mol cm); 423 (4.11); Fluorescence; JI.max.PL (200-700 nm) dry CH2Cl2) 491 nm; H-

NMR Oippm) (300 MHz, CDC13) 0.73 (6H, m), 0.90 (12H, cl, J= 6.9 Hz), 1.11 (12H, m), 1.30 

(40H, m), 1.59 (12H, s), 2.02 (4H, t, J= 7.8Hz), 3.29 (8H, s), 6.64 (4H, d, J= 7.8 Hz), 7.13 (2H, 

13 s:. ) s), 7.31 (2H, cl, J= 3.6 Hz) and 7.58 (lOH, m); C-NMRu
0 

(ppm (75 MHz, CDC1
3

) 14.00, 14.11, 

22.59, 22.67, 23.75, 27.20, 27.32, 29.34, 29.52, 29.71, 31.47, 31.85, 40.52, 51.11, 55.21, 111.70, 

119.50, 119.92, 121.38, 121.56, 123.66, 124.34, 126.82, 133.48, 139.87, 141.73, 141.73, 144.68, 

147.69 and 151.62. M+/Z cal.= 1128.83, found= 1129. 

4,4'-((9,9-dihexylfluorene-2,7-diyl)-bis(2,2'-bithiophene))-bis(N,N-dioctylaniline) 

(PT2F) 

A mixture of 4-(5'-bromo-[2,2'-bithiophen])-N,N-dioctylaniline (0.73 g, 1.31 mmol), 

9,9-dihexylfluorene-2 7-diboronic acid (0.26 g, 0.62 mmol), sodium carbonate (1.32 g, 12.48 

mmol) and Pd(PPh3) 4 (0.022 g, 0.018 mmol) in tetrahydrofuran (15 ml) was heated at reflux for 

24h. After cool at room temperature, the mixture was extracted with dichloromethane and washed 



-· 

106 

with water 2 times. The combined extracted was washed with water, dried over sodium sulphate, 

evaporated to remove solvent and isolated by vacuum distillation. The residue was subjected to 

column chromatography (silica gel, hexane) to obtain pure 4,4'-(5',5"'-(9,9-dihexyl-fluorene-2,7-) 

bis([2,2'-bithiophene]-5',5-))bis(N,N-dioctylaniline) as orange solid. Yield was 0.29 g, 27%. 
-I 

C85H 116N2S4; IR (KBr) V 2953-2851, 1604, 1553, 1508, 1497, 1400, 1367, 1324, 1271, 1235, 

1190, 1111, 1054, 872, 810, 795, 721, 667 and; UV-Vis; Amax, abs (220-600 nm)(dry CH2Cl2) (nm) 
3 'I. I 

(log E/dm /mol cm); 443 (5.02); Fluorescence; /\.max,PL (200-700 nm)(dry CH2Cl2) 530 nm; H-

NMR O"(ppm) (300 MHz, CDC13) 0.77 (6H, t, J= 6.9 Hz), 0.88 (12H, d, J= 6.6 Hz), 1.08 (12H, 

s), 1.30 (44H, d, J= 8.7 Hz), 1.58 (12H, s), 2.05 (4H, s), 3,29 (8H, t, J= 7.2 Hz), 6.63 (4H, d, J= 

8.4 Hz), 7.06 (3H, s), 7.16 (3H, s), 7.29 (2H, d, J= 3.6Hz), 7.45 (4, d, J= 8.1 Hz), 7.58 (4H, m) 

and 7. 66 (2H, d, J= 8.1 Hz); 
13

C-NMRO. (ppm) (75 MHz, CDCl) 13.99, 14.09, 22.57, 22.66, 

23.77, 27.11, 27.20, 27.33, 29.24, 29.34, 29.51, 29.69, 31.46, 31.85, 40.45, 43.89, 51.10, 55.31, 

109.84, 111.13, 111.72, 119.72, 119.94, 120.10, 121.09, 121.19, 121.43, 122.10, 123.56, 123.80, 

124.08, 124.15, 124.44, 124.58, 126.05, 126.18, 126.83, 129.55, 129.75, 132.95, 133.08, 134.16, 
+ 

136.80, 137.14, 140.20, 140.36, 140.56, 143.08, 144.61, 147.81, 151.77 and 151.89. M IZ cal.= 

1294.10, found= 1294. 

(E)-2-Cyano-3-(5'-( 4-( dioctylamino )phenyl)-[2,2 '-bithiophen ])acrylic acid 

(PT2dye) 

The appropriate 5'-( 4-(N,Ndioctylamino )phenyl)-[2,2'-bithiophene ]-5-carbaldehyde 

(0.30 g, 0.59 mmol) was added to solution of cyano acetic acid (0.13 g, 1.47 mmol) in ammonium 

acetate (0.23 g, 2.95 mmol) and acetic acid (15 ml). The solution mixture was heated at 80°C for 

24h. The mixture was cooled and poured into ice-cold water and the solid obtained was filtered, 

washed and recrystallized from methanol to obtain (E)-2-cyano-3-(4-(5'-(4-(dioctylamino) 

phenyl)-[2,2'-bithiophen])phenyl)acrylic acid as red solid. Yield was 0.23 g, 68%. C
34

H
44
Np

2
S

2
; 

IR (KBr) V
1 

3411, 2924, 285, 2358, 2212, 1605, 1490, 1448, 1390, 1367, 1186, 1051 and 788 cm-

1; UV-Vis; Amax. abs (220-600 nm)(dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 365 (3.99) and 466 

(4.13); Fluorescence; Amax.PL (200-700 nm)(dry CH2Cl2) 586 nm; M+/Z cal.= 576.8580, found= 

576.173. 
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The appropriate 4-Benzaldehyde-4-thiophene-N,N-dialkylaniline (0.10 g, 0.20 mmol) 

was added to solution of cyano acetic acid (0.017 g, 2.0 mmol) in ammonium acetate (0.08 g, 1.01 

mmol) and acetic acid (5 ml). The solution mixture was heated at 80°C for 24h. The mixture was 

cooled and poured into ice-cold water and the solid obtained was filtered, washed and 

recrystallized from methanol to obtain ( (Ej-2-cyano-3-( 4-(5-( 4-(dioctylamino )phenyl)thiophen) 

phenyl)acrylic acid as red solid. Yield was 0.08 g, 77%. C
36

H46Np2S: IR (KBr) v' 3400, 2918, 

2845, 2364, 2212, 1597, 1496, 1451, 1367, 1281, 1186, 937, 827 and 788 cm-
1
; UV-Vis; Amax, abs 

3 
(220-600 nm)(dry CH2Cl2) (nm) (log E/dm /mol cm); 335 (4.26), and 435 (4.28); Fluorescence; 

A.max.PL (200-700 nmXdry CH2Cl2) 547 nm; 
1
H-NMR OH(ppm) (300 MHz, DMSO-D5) 0.76 (6H, d, 

J= 6.6 Hz), 1.18 (20H, t, J= 10.0 Hz), 1.48 (4H, s), 3.26 (4H, s), 6.46 (2H, d, J= 8.1Hz),6.91 

(lH, s), 7.13 (lH, s), 7.27 (2H, d, J= 7.8 Hz), 7.39 (2H, d, J= 5.1 Hz), 7.74 (2H, d, J= 5.1 Hz) 

13 5:. ) ( and 8.13 (lH, s); C-NMRuc (ppm 75 MHz, CDC~) 14.10, 22.56, 27.05, 27.24, 29.23, 29.42, 

31.73, 50.92, 107.65, 111.57, 112.7, 118.52, 120.73, 121.90, 124.93, 125.61, 126.74, 130.88, 
+ 

131.11, 137.45, 139.00, 146.40, 147.86, 151.00 and 168.4; M /Z cal.= 570.8276, found= 570.6 

(E)-2-Cyano-3-( 4-(5'-( 4-( dioctylamino )pbenyl)-[2,2 '-bitbiopben ])pbenyl)acrylic 

acid (PT2Pdye) 

COOH 

The appropriate 5-Benzaldehyde-4-thiophene-N,N-dialkylaniline (0.2 g, 0.34 mmol) 

was added to solution of cyano acetic acid (0.06 g, 0.68 mmol) in ammonium acetate (0.13 g, 1.7 

mmol) and acetic acid (10 ml). The solution mixture was heated at 80°C for 24h. The mixture 

was cooled and poured into ice-cold water and the solid obtained was filtered, washed and 

recrystallized from methanol to obtain (Ej-2-cyano-3-( 4-(5'-( 4-(dioctylamino )phenyl)-[2,2'­

bithiophen])phenyl)acrylic acid as red solid. Yield was 0.09 g, 41 %. C..Jl
48
Np

2
S

2
; IR (KBr) V1 

3338, 2918, 2851, 2212, 1622, 1597, 1530, 1496, 1454, 1367, 1186, 956, 867, 827 and 791 cm-1
; 

UV-Vis; A.max. abs (220-600 nm)(dry DMSO) (nm) (log E/dm
3
/mol cm); 424 (4.46); Fluorescence; 

Amax.PL (200-700 nm)(dry DMSO) 528 nm; 
1
H-NMR 0 8 (ppm) (300 MHz, DMSO-D

5
) 0.87 (3H, d, 
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J= 6.90 Hz), 1.24 (12H, s), 2.06 (13H, s), 3.36 (4H, s) 6.62 (IH, m), 7.20 (IH, d, J= 4.50 Hz), 

7.29 (2H, t, J = 3.60Hz), 7.38 (2H, m), 7.62 (2H, t, J= 3.60 Hz), 7.72 (2H, t, J= 8.10 Hz) and 
13 s:. 

7.89 (3H, d, J= 5.70 Hz); C-NMRuc (ppm) (75 MHz, CDC13) 14.39, 22.53, 26.88, 27.13, 27.31, 

29.16, 29.32, 31.13, 31.68, 43.11, 50.58, 112.13, 112.53, 119.86, 121.85, 125.05, 125.73, 125.84, 
+ 

126.57, 126.82, 130.62, 132.88, 135.67, 146.63 and 206.99; M /Z cal. = 652.956, found = 

652.256. 

(E)-2-Cyano-3-( 4-(7-(3,6-di-tert-butyl-cabazol-9-yl)-10-octyl-phenothiazine-3-

yl)p henyl)acrylic acid (PhCPdye) 

The appropriate 4-(7-(3,6-di-tert-butyl-carbazol-9-yl)- l 0-octyl-phenothiazin-3-

yl)benzaldehyde (0.30 g, 0.43 mmol) was added to solution of cyanoacetic acid (0.18 g, 2.16 

mmol) in piperidine (0.17 g, 2.02 mmol) and chloroform (20 ml). The solution mixture was 

heated at 80°C for 24h. The mixture was cooled and poured into ice-cold water and the solid 

obtained was filtered, washed and recrystallized from methanol to obtain (E)-2-cyano-3-(4-(7-

(3,6-di-tert-butyl-cabazol-9-yl)-l 0-octyl-phenothiazine-3-yl)phenyl)acrylic acid as red solid. 

Yield was 0.24 g, 73%. C50H53Np2S; IR )KBr ('\1
1 

3547, 3474, 3418, 2956, 2926, 2857, 2215, 

1617, 1593, 1477, 1363, 1260, 1187 and 809 cm-
1
; UV-Vis; Amax, abs) 220-800 nm)(dry CH2Cl2 ( 

)nm) (log E/dm
3
/mol cm(; 320 (4.46) and 427 (4.18); Fluorescence; Amax.PL) 200-700 nm)(dry 

CH2Cl2 (483 nm;
1
H-NMR OH)ppm) (300 MHz, acetone-D6( 0.90 )3H, s(, 1.29 )18H, d, J= 30.0 

Hz(,1.48 (lOH, s), 1.90 (2H, s), 3.92 (2H, s), 6.99 (2H, d, J= 9.9 Hz), 7.29 (5H, d, J= 8.1 Hz), 

7.45 (4H, d, J = 8.4 Hz), 7.68 (2H, s) and 8.15 (4H, s); 
13

C-NMR•J ppm) (75 MHz, acetone­

D6(14.09, 22.62, 26.85, 26.96, 29.21, 29.36, 29.70, 30.04, 30.38, 31.74, 32.01, 34.70, 38.75, 

47.83, 68.19, 109.14, 115.74, 115.98, 116.18, 123.21, 123.55, 124.89, 125.51, 125.66, 125.78, 

126.38, 126.81, 128.81, 130.88, 132.03, 132.88, 133.50, 139.36, 142.75, 143.49, 144.73 and 
+ 

145.35; M /Z cal. = 760.053, found= 759.5574. 
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The appropriate pure4-(5-( 7-( 3, 6-Di-tert-buty 1-carbazo 1)-10-octylphenothiazine) 

thiophene)benzaldehyde (0.23 g, 0.30mmol) was added to solution of cyanoacetic acid (0.13 g, 

l.51mmol) in piperidine (0.17 g, 2.02 mmol) and chloroform (20 ml). The solution mixture was 

heated at 80°C for 24h. The mixture was cooled and poured into ice-cold water and the solid 

obtained was filtered, washed and recrystallized from methanol to obtain (.E)-2-cyano-3-(4-(5-(7-

(3,6-di-tert-butylcarbazole)-10-octylphenothiazine)thiophene)phenyl)acrylic acid as red solid. 

Yield was 0.15 g, 58%. C54H55Np2s2; IR (KBr) V 1
3551, 3474, 3409, 2952, 2918, 2862, 2215, 

1638, 1613, 1477, 1336, 1260, 798 and 611 cm-
1
; UV-Vis; Amax, abs (220-800 nm)(dry CH2Cl2) 

(nm) (log E/dm
3
/mol cm); 347 (4.39) and 434 (4.35); Fluorescence; AmaxPL (200-700 nm)(dry 

CH2Cl2) 530 nm; 
13

C-NMR"c (ppm) (75 MHz, acetone-D.)14.04, 22.51, 26.81, 28.94, 29.11, 29.70, 

31.63, 31.94, 32.02, 34.57, 38.76, 47.53, 68.18, 109.16, 115.66, 116.19, 123.15, 123.45, 123.55, 

124.89, 125.34, 125.77, 128.55, 128.81, 130.87, 132.45, 139.21, 139.45, 142.56 and 143.86 

(E)-2-Cyano-3-(4-(5'-(7-(3,6-di-tert-butylcarbazole)-10-octylphenothiazine)-[2,2'­

bithiophen])phenyl)acrylic acid (PhCT2Pdye) 

CN 

The appropriate 4-(5'-(7-(3,6-di-tert-butylcarbazole)-10-octylphenothiazine)-[2,2'­

bithiophen])benzaldehyde (0.13 g, 0.15mmol) was added to solution of cyanoacetic acid (0.06 g, 

0.75 mmol) in piperidine (0.03g, 0.40 mmol) and chloroform (7 ml). The solution mixture was 

heated at 80°C for 24h. The mixture was cooled and poured into ice-cold water and the solid 

obtained was filtered, washed and recrystallized from methanol to obtain (.E)-2-cyano-3-(4-(5'-(7-
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(3,6-di-tert-butylcarbazole )-10-octylphenothiazine )-[2,2'-bithiophen])phenyl)acrylic acid acid as 

red solid. Yield was 0.09 g, 71%. C58H51Np2S3:IR (KBr) V 1
3556, 3478, 3405, 2956, 2926, 

2215, 1617, 1593, 1477, 1363, 1260, 1187 and 809 cm-
1
; UV-Vis; Amax, abs (220-800 nm)(dry 

CH2Cl2) (nm) (log E/dm
3
/mol cm); 350 (4.24) and 455 (4.45); Fluorescence; Amax.PL (200-700 

nm)(dry CH2Cl) 541 nm; 
1
H-NMR OH(ppm) (300 MHz, acetone-D6)0.82 (3H, m), 1.28 (12H, s), 

1.43 (16H, s), 1.51 (2H, m), 4.10 (2H, t, J= 6.6 Hz),7.15 (lH, d, J= 8.4 Hz), 7.29(3H, m), 7.37-

7.44 (4H, m), 7.48 (3H, d, J= 8.7 Hz), 7.55 (lH, d, J= 8.4 Hz), 7.69 (lH, d, J= 3.9 Hz), 7.91 
13 

(2H, d, J= 8.1 Hz), 8.15 (2H, d, J= 8.4 Hz), 8.27 (2H, s) and 8.32 (lH, s); C-NMR•
0 

(ppm) (75 

MHz, acetone-06)14.07, 22.61, 26.94, 29.20, 29.69, 32.00, 34.69, 47.80, 68.18, 109.14, 116.18, 

123.20, 123.54, 128.80, 130.85, 132.75, 139.40 and 142.73; M+/Z cal. = 924.2930, found = 

923.6046. 

{E)-2-Cyano-3-{5''-(7-{3,6-di-tert-butyl-carbazol)-10-octyl-phenothiazin-3-yl)­

[2,2' :5' ,2 "-terthiophen)-5-yl)acrylic acid (PhCT3dye) 

The appropriate 3-(5'-bromo-[2,2'-bithiophen))-7-(3,6-di-tert-butyl-carbazol)-10-

dodecyl-phenothiazine (0.10 g, 0.11 mmol) was added to solution of cyanoacetic acid (0.014 g, 

0.16 mmol) in piperidine (0.03 g, 0.32 mmol) and chloroform (20 ml). The solution mixture was 

heated at 80°C for 24h. The mixture was cooled and poured into ice-cold water and the solid 

obtained was filtered, washed and recrystallized from methanol to obtain (E)-2-cyano-3-(5"-(7-

(3,6-di-tert-butyl-carbazol)-l 0-octyl-phenothiazin-3-yl)-[2,2':5',2"-terthiophen]-5-yl)acrylic acid 

as red solid. Yield was 0.04 g, 43%. CS6HssNP2S4: IR (KBr) V1 
2954, 2924, 2854, 2215, 1614, 

1528, 1477, 1454, 1375, 1363, 1295, 1261, 1049, 877, 790 and 741 cm-
1
; Amax, abs (220-800 

nm)(dry CH2Cl2) (nm) (log E/dm
3
/mol cm); 436 (4.48); Fluorescence; Amax.PL (200-700 nm)(dry 

CH2Cl2) 656 nm; M+/Z cal.= 930.3148, found= 932.1. 
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The appropriate 3-[2,2':5' ,2"-terthiophene ]-5-carbaldehyde-7-( diethylamino )-coumarin 

(0.12 g, 0.24 mmol) was added to solution of cyano acetic acid (0.03 g, 0.36 mmol) in piperidine 

(0.06 g, 0.73 mmol) and chloroform (25 ml). The solution mixture was heated at 80°C for 24h. 

The mixture was cooled and poured into ice-cold water and the solid obtained was filtered, 

washed and recrystallized from methanol to obtain (E)-2-cyano-3-(4-(5'-(4-(dioctylamino) 

phenyl)-[2,2'-bithiophen])phenyl)acrylic acid as red solid. Yield was 0.05 g, 43%. C29H22Np4S3: 

IR (KBr) V 1 
3401, 2924, 2853, 2207, 1706, 1616, 1588, 1513, 1441, 1377, 1359, 1272, 1133, 

1018 and 791 cm.
1
; UV-Vis; Amax, abs (220-800 nm)(dry CH2Cl2) (nm) (log E/dm

3
/mol cm); 491 

(4.61); Fluorescence; Amax.PL (200-700 nm)(dry CH2Cl2) 578 nm; 
1
H-NMR OH(ppm) (300 MHz, 

DMSO-DJ 1.10 (6H, t, J= 6.9 Hz), 3.40 (4H, m), 6.60 (lH, s), 6.76 (lH, dd, J= 6.9 Hz), 7.33 

(lH, d, J= 3.9 Hz), 7.43 (2H, m), 7.50 (lH, d,J= 9.0 Hz), 7.62 (lH, d, 1=3.9 Hz), 7.66 (lH, d, J 

= 3.9Hz), 8.00 (lH,s) and 8.46 (lH, s); M+/Z cal.= 558.691, found= 558.022. 

Synthesis of Poly(9,9-dioctylfluorene) (PFO) 

Concentration 2.99 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.16 g, 0.4 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.1151g, 0.2 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.1096 g, 0.2 mmol) 

were dissolved in xylene (2 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEAC1i (0.0095 g, 0.008 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 
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solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 24,200 g/mol, Mw = 75,000 g/mol and PDI = 3.08 

Concentration 5.99 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.3134 g, 0.8 mmol) was 

added to an aqueous solution (50 ml) ofnon-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.2306 g, 0.4 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.2192 g, 0.4 mmol) 

were dissolved in xylene (2 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEAC12 (0.019 g, 0.016 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 28,900 g/mol, Mw = 95,400 g/mol and PDI = 3.29 

Concentration 8.65 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.4701 g, 1.2 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (5 g, 10 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.3454 g, 0.6 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.3276 g, 0.6 mmol) 

were dissolved in xylene (4 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEAC1i (0.0285 g, 0.024 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 48,120, 6,100 g/mol, Mw = 83,500, 7,300 g/mol and PDI = 1.73, 

1.20 

Concentration 11.13 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.6268 g, 1.6 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (7 .5 g, 15 wt°/o in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 
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prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.4605 g, 0.8 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.4431 g, 0.8 mmol) 

were dissolved in xylene (6 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEACl
2 

(0.0382 g, 0.032 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 12,900 g/mol, Mw = 39,400 g/mol and PDI = 3.05 

Synthesis of Poly(9,9-dioctylfluorenene-2,7-diyl)-co-bithiophene (PF8T2) 

n 

Concentration 2.13 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.16 g, 0.4 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (O.l 15lg, 0.2 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.0648 g, 0.2 mmol) 

were dissolved in xylene (2 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEAC12 (0.0095 g, 0.008 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 12,100 g/mol, Mw = 32,700 g/mol and PDI = 2.69 

Concentration 8. 72 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.6268 g, 1.6 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (5 g, 10 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate l 0 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.4605 g, 0.8 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.2618 g, 0.8 mmol) 

were dissolved in xylene (6 ml). The monomer solution was degassed and then the catalyst 
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IPr*PdTEACl2 (0.0382 g, 0.032 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 14,900 g/mol, Mw = 37,300 g/mol and PDI = 2.50 

Synthesis of Poly(9,9-di-octylfluorenene-2,7-diyl)-co-(benzo[2,1,3]thiadiazole) 

(PFSBT) 

Concentration 2.02 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.16 g, 0.4 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

. prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (O.l l51g, 0.2 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.058 g, 0.2 mmol) were 

dissolved in xylene (2 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEACl2 (0.0095 g, 0.008 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 48h. Mn= 28,500 g/mol, Mw = 93,000 g/mol and PDI = 3.25 

Concentration 4.10 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.3134 g, 0.8 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate IO ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.2306 g, 0.4 mmol), 2,7-dibromo-9,9-dioctylfluorene (0.1175 g, 0.4 mmol) 

were dissolved in xylene (2 ml). The monomer solution was degassed and then the catalyst 

IPr*PdTEAC12 (0.019 g, 0.016 mmol) was added, followed by further degassing of the resultant 

solution. A syringe was used to transfer the monomer/catalyst into the stirred surfactant/base 



... 

115 

solution in the main reaction flask now maintained at 30°C with stirring and maintaining under 

nitrogen gas for 24h. Mn= 26,000 g/mol, Mw = 67,324 g/mol and PDI = 2.58 

Synthesis of Poly(9,9'-dioctylfluorene-2,7-diyl)-co-bis-N,N'-(4-sec-butylphenyl) 

diphenylamine) (PF8T AA) 

Concentration 2.5 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.16 g, 0.4 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (2.5 g, 5 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.1151 g, 0.2 mmol), 4-bromo-(4-bromophenyl)-(4-(sec-butyl)phenyl)aniline 

(0.0918 g, 0.2 mmol) were dissolved in xylene (2 ml). The monomer solution was degassed and 

then the catalyst IPr*PdTEACl2 (0.0095 g, 0.008 mmol) was added, followed by further degassing 

of the resultant solution. A syringe was used to transfer the monomer/catalyst into the stirred 

surfactant/base solution in the main reaction flask now maintained at 30°C with stirring and 

maintaining under nitrogen gas for 48h. Mn= 18,500 g/mol, Mw = 49,800 and PDI = 2.69 

Concentration 10 mg/ml 

Tetraethylammonium hydroxide solution (40% in water) (0.6268 g, 1.6 mmol) was 

added to an aqueous solution (50 ml) of non-ionic surfactant, Triton x-102 (10 g, 20 wt% in 

de-ionised water) in a 100 ml three necked round bottom flask. Then contents were then through 

degassed for 30 min by bubbling nitrogen gas through the stirred solution. Then a separate 10 ml 

two necked round bottom flask was used to mix together the monomers in the organic solvent 

prior to addition to the reaction flask 9,9-Dioctylfluorene-2,7-di-boronic acid-bis(l,3-

propanediol)ester (0.4605 g, 0.8 mmol), 4-bromo-(4-bromophenyl)-(4-(sec-butyl)phenyl)aniline 

(0.3674 g, 0.8 mmol) were dissolved in xylene (2 ml). The monomer solution was degassed and 

then the catalyst IPr*PdTEACii (0.038 g, 0.008 mmol) was added, followed by further degassing 
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of the resultant solution. A syringe was used to transfer the monomer/catalyst into the stirred 

surfactant/base solution in the main reaction flask now maintained at 30°C with stirring and 

maintaining under nitrogen gas for 48h. Mn= 9,200 g/mol, Mw = 21,700 g/mol and PDI = 2.30 
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Center for Organic Electronic and .4lternattve Energy, Department of Chemistry and Center of Excellence for Innovation tn 
Che111istry. Faculty of Science, Ubon Ratchathani Univemty, Ubon Ratchathani, 34190 Thailand. 

Introduction and Objective 
Oligothiophenes are mostly investigated as organic semiconductors for organic field-effect 

transistors (OFETs) -with high on-off current ratio and charge transport properties. The molecular 
structure of desired molecules can be modified using various organic synthetic methodologies. In this 
work, we reported on the synthesis, 
characterization and electronic properties of 
novel oligothiophenes with dialkylaniline end­
capped for using as organic semiconductor in 
OFETs. 

Methods 

:Nc.Jt,, n=1.2 

Git,, 

Suzuki coupling was carried out \\<ith Pd(PPh3) 4 as catalyst and Na2C03 as base in 1HF/H20. 
Bromination was done by NBS in TIIF. The chemical structures were confirmed by NMR and IR 
analysis. UV-Vis and Fluorescence spectra were recorded in CH2Cl2. CV was measured with glassy 
C, Pt and SCE electrodes in the present of n-Bl.14NPF6 as supporting electrolyte in CH2Ch. 

Results 
A series of oligothiophenes was synthesized using a combination of alkylation, iodination, 

bromination and Suzuki coupling reactions in moderate yields. Tue desired molecules were soluble in 
common organic solvents at room temperature. The number of thiophene units increased within the 
molecules result in red shift in absorption and fluorescence spectra due to the extended x-conjugation 
length of oligothiophenes. CV traces exhibit the oxidation of dialkylaniline donor. 

Conclusion 
Oligothiophenes with dialkylaniline end-capped were successfully synthesized. According to their 

electronic properties, it expected that these oligothiophenes can be used as organic semiconductor in 
OFETs. 

Keywords: olgothiophenes, OFETs, organic semiconductor 
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Introduction 
Oligothiophenes are mostly studied as organic semiconductors for organic 

field-effect transistors (OFETs) with high on-off cuffent ratio and charge transport 
properties. Moreover, the molecular structure of target molecules can be easily 
modified using various organic synthetic methodologies. In this work, we reported 
synthesis and characte1ization of novel oligothiophenes with dialkylaniline end­
capped used as organic semiconductor in OFETs. 

Objectives 
To synthesize and characte1ize novel oligothiophenes bearing dialkylaniline 

end-capped for OFETs. To investigate optical, electrochemical and thermal 
properties of target molecules. 

n=2-7 

Results 
The target molecules were synthesized using combination of alkylation, 

iodination, bromination followed by palladium catalyzed Suzuki coupling and 
Stille coupling reaction with Pd(PPh3) 4 as catalyst. Crude products were purified by 
column chromatography with hexane and dichloromethane as eluent. The optical 
properties were analyzed in dry CH2Ch solution. Electrochemical property was 
investigated in dry CH2Ch with 0.1 M n-BUiNPF6 as electrolyte. 

Discussion and Conclusion 
A series of oligothiophenes derivatives was successfully synthesized and 

characterized The desired molecules were soluble in common organic solvents at 
room temperature. The number of thiophene units increased within the molecules 
result in red shift in absorption and fluorescence spectra due to the extended n­
conjugation length of oligothiophenes. Electrochemical property was investigated 
by cyclic voltammetry. CV curves of the desired molecules exhibit oxidation 
process indicating electron donor property. According to their electronic and 
electrochemical properties, it expected that the novel oligothiophenes with 
dialkylaniline end-capped can be used as organic semiconductor in OFETs. 

Keywords: Olgothiophenes, OFETs, Organic semiconductor 
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Organk: ~ materials have been the subject of , .. • • 

Jn tense study 1n recent yor because they tine shown potential \z'ir .. 
as altemattves to Inorganic semiconductors for low cost - ~ 
optoelecttonics devices, such as organic field-effect transistors-~ 00

--· 

•nd photovoltaic cells. Oligolhlophenes are mostly studied as 

organk: semiconductors for organic field-effect transistors • 
(OFETs) wtth high OIHltf Qlrrent nttlo and charge transport 
properties. Moreover, the molecular structure of brget 
molecules can be easily modified usU.: various organic synthetic 
methodologies. In this wort. we A!p(l<ted synthesis and 
dlaracterization of now! oligothiophenes with dialkylanifine end-
capped used as orpnk: semk:onductor 1n OFETs. 

ll!Psl 
- To synthesize and characterize novel oJicothiophenes beartnc dfalkytandlne end­
capped for OFETs. 
- To Investigate optical. electrochemical and thennal properttes of target 
molecules. 
~-- ----_------ - -- - -- - -- - ·--
Results and Discussion 1 

A series of oligothlophenes derivatiws was sucxessfully synthesiied anl 
characterized by using NMR, IN-vis and CV ted1nlques. lhe desired rnolewfes were 
SGluble In ciommon orpnlc solvents at room tempenture. ~ to their electronic 
and electnxhemlcal properties, It ecpected that Pr4 and 1'15 can be used as organic 
semconductorln OFETs. lhe-performancewll be lnwstlpted. 

I - Hite to thanlc the Office at the ...,.... EdlJCllllan ~ lhabnd for 
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Optical properties : 1he optical properties were analyzed In dry CM,a, 
solution. The number of th!ophene units Increased within the molecules 
result In red shift In absorption and fluorescence spectra due to the 
extended n-conjugatlon length of ollgothlophenes. 

11pft L Absorption spectra of 
ollgotNophenes In dry rn,a, 

Figure 2. AUOll!SCleflCe spectra of 
oligolhlophenes In dry Ol,O, 
excited at>._ absmpllon 

Thermal property: 1he desired molealles, PT4, PTS, PT6 and PT7 show 
good thermal property with high T

1 
andT,. 

' J 
! 

·-----_..., 
~ 1 DSC (1• scan) and lGA thenoograms measured with healing rate of 

10-c/min under N1 

Electrochemical property : CV using glassy carbon wortdrc electrode; pt 

counter electrode; Afl~• refenm<ll! electrode In CM,(],; n-Bu,NPF0 as 
etectrolyte. PT6 and PT7 don"t show oxidation peak because of their 
solubility. 
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Chemical structures 
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