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ABSTRACT

Organic light-emitting devices (OLEDs) are emerging from the stage of research curiosity to 

the levels of important commercial applications. They are gaining acceptance as a promising 

flat panel display technology in this new millennium. However, OLEDs require further 

research and development, in particularly high performance emitting materials and electrodes, 

and novel device architectures since LCDs have a higher efficiency and longer operational 

lifetimes at the moment. The most important part of OLED devices is the electroluminescence 

layer, for which polymer and small molecular weight metal chelates can be used. The small 

molecule based metal chelates are the appropriate candidates as they are processed by 

conventional vacuum deposition techniques. Small molecule based Ir metal complexes can be 

used in OLED devices as electron and hole transport layer. It can also be used an emissive 

layer because of their wide spectral response in the visible region.

Two Iridium metal complexes [Ir(PBD)2(Thenoyltrifluoroacetylacetone)] and 

[Ir(PBD)2(2,2,6,6- tetramethyl 3,5-heptadione)] have been synthesized and characterized by 

different characterization technique (FT-IR, NMR, UV-visible and photoluminescence 

spectroscopy). Excitation and emission properties of both the materials are extensively 

studied. The excitation spectra of [Ir(PBD)2(Thenoyltrifluoroacetylacetone)] shows 

absorption peak at 370 nm due to -* transition from primary ligand and relatively weaker 

absorption peak at 433 nm due to metal to secondary ligand charge (1MLCT) transition. The 

excitation spectra of [Ir(PBD)2(2,2,6,6-tetramethyl 3,5-heptadione)] shows absorption peak at 

362 nm due to -* transition from primary ligand and relatively weaker absorption peak at 

441 nm due to metal to secondary ligand charge (1MLCT) transition. The range of 441-500 

nm associated with both 3MLCT and 3-* transition. Both the complexes 

[Ir(PBD)2(Thenoyltrifluoroacetylacetone)] and [Ir(PBD)2(2,2,6,6-tetramethyl 3,5-heptadione)] 

shows emission peaks at 559 nm and 549 nm respectively. 

To investigate the electroluminescent properties of the complexes organic light emitting diode 

have been fabricated with the structure ITO/α-NPD/(30nm)/

Ir(PBD)2(Thenoyltrifluoroacetylacetone)(35nm)/BCP(6nm)/Alq3(28nm)/LiF(1nm). 



Electroluminescence spectra of the fabricated device show a broad electroluminescence peak 

at 565 nm. The current-voltage characteristic of the device shows turn on voltage about 9V.

Therefore the present study provides a convenient way for colour tuning of the metal 

complexes by changing the secondary ligand.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

Organic electroluminescent (EL) devices, also known as organic light emitting diodes 

(OLEDs), have some very attractive features that put it in a prominent position in the flat 

panel display market in this new millennium. Driving its future success is the continuing 

and accelerating development of both manufacturing process technology and exploration 

of new organic materials with excellent emissive properties. The organic EL technology, 

as an emerging technology, brings a new set of attributes to the display industry and has 

prompted scientists worldwide to further develop this new technology.

In general, the basic OLED structure consists of a stack of fluorescent organic layers 

sandwiched between a transparent conducting anode and metallic cathode [1,2]. When an 

appropriate bias is applied to the device, holes are injected from the anode and electrons 

from the cathode; some of the recombination events between the holes and electrons result 

in electroluminescence (EL).

1.1 History of organic electroluminescence

The first EL from an organic molecule, anthracene, was reported by Pope and his co-

workers in 1963 [3]. They reported EL from a thick anthracene crystal (10µm-5mm), 

when a bias of several hundred volts was applied across it. The achievement did not 

stimulate much interest as the applied bias was very high. However, P. S. Vincent 

achieved bright blue EL from vacuum-deposited 0.6 m thick anthracene crystal films 

with an applied bias of less than 100V.

The breakthrough was achieved by Van Slyke in 1987, who made a bilayer structure by 

thermally evaporating the small molecular weight organic materials, N,N´-diphenyl-N,N'-

bis(3-methylphenyl)1,1'-biphenyl-4,4'diamine(TPD) and tris(8-hydroxyquinoline) 

aluminum (Alq3) to achieve a total thickness of ~100 nm. They achieved a very bright 

green emitting OLED with brightness higher than 1000 cd/m2 and an external quantum 



2

efficiency of ~1% when a low bias of 10V was applied across the structure. Following this 

achievement Adachi et al [4] succeeded in fabricating stable multilayer devices by 

inserting hole and electron transport layers between the two electrodes. In 1989, The laser-

dye doped Alq3 multilayer structure, in which the fluorescent efficiency was improved and 

the emission colour varied from the original green to the dopant emission color. Following 

the success of fabricating small molecular OLEDs, The first polymer LED (PLEDs) by 

spin coating a precursor polymer of the luminescent poly-(para-phenlene vinylene) (PPV) 

onto a indium tin oxide (ITO) coated glass. Compared to small molecular devices, 

polymer light emitting devices (PLEDs) have several potential advantages, e.g. fabrication

by spin coating [5,6] or inkjet printing from solutions and subsequent thermal treatment.

Fluorescent emission of singlet excitons is the main mechanism of OLED light emission. 

As the probability of forming spin singlet states and spin triplet states are 25% and 75% 

respectively, the ideal maximum fluorescent yield is, therefore, limited to 25% by spin 

statistics. To overcome this theoretical limit Baldo et al [7] fabricated and demonstrated 

phosphorescent OLEDs, by doping phosphorescent molecules, where the EL is due to 

triplet emission, into a fluorescent host layer.

Electroluminescence refers to the phenomenon in which a solid (phosphor or 

semiconductor) emits light when an electric field is applied to it. Generally, EL can be 

classified into two types according to the active materials used in the device.

 Inorganic EL.

 Organic EL. 

Organic EL is the emission of light upon electric excitation that leads to the radiative 

recombination of electrons and hole pairs injected into an organic semiconductor, in 

contrast to the inorganic EL which involves inorganic direct band gap semiconductors 

such as GaAs and ZnS. Two kinds of organic materials are utilized in organic EL.

a. The first one is the small molecular organic compounds that can be sublimed under 

a vacuum for thin film deposition.

b. The other one is the conjugated polymer that can be coated on different kinds of 

substrates from a solution.  
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On the contrary, inorganic EL has dominated the field of the EL sector of the flat panel 

display market in the past. However, some major deficiencies still remain in the inorganic 

EL despite decades of continuing development. Organic EL materials are gaining more 

and more attention owing to their versatility, rich blue photoluminescence, and high 

photoluminescence quantum yield [8]. The first report of EL in an organic material can be 

traced back to 1907 while the first success in the investigation of the organic 

electroluminescent phenomenon was achieved in 1963. The device was composed of a 

sandwiched layer of organic anthracene single crystal and two silver electrodes, and blue 

fluorescence was observed across the specimen under biased. A variety of studies of the 

mechanisms for transport and injection ensued, but the requirement of high operating 

voltages (50 – 1000 V) for injecting charges into the organic crystal in order to achieve a 

significant light output impractically low (typically < 0.1 %) EL efficiency of the device 

has seriously restricted its practical display applications. In 1982, Vincett el al. [9] used 

films of anthracence sublimed onto oxidized aluminium electrodes, with thermally 

evaporated semi-transparent top gold electrodes. The operating voltage was reduced to 30 

V; however the quantum efficiency of their EL devices was only about 0.05 %. Although 

commercial interest in this subject has waned, it provided a general ground work for 

understanding organic EL. 

1.2 Types of luminescence 

There are two type of mechanism of luminescence called as fluorescence and 

phosphorescence, which are briefly explained in the subsequent subsections.

1.2.1 Fluorescence

Fluorescence is a process in which a luminophore absorbs a suitable energy photon to 

raise an electron from an occupied orbital to a higher energy vacant orbital, followed by 

the electron returning back to the original ground state energy level, and emitting a 

quantum of light with an energy corresponding to the energy difference between the 

excited state and ground state level, in such a way that the electron spin remains 

unchanged throughout the entire process. It means the molecule is either in its ground or 

excited singlet states all the time. This is a very fast process with luminescence lifetime of 
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the order of nanoseconds. Spin-allowed (ΔS=0) transitions are called fluorescence. It 

quickly disappears when source of excitation (light or electric current) is removed.  

1.2.2 Phosphorescence

Phosphorescence is a type of luminescence that results from the delayed recombination of 

triplet excitons. Emission of light from the triplets is delayed because it is forbidden to 

occur in the same molecule by the Pauli Exclusion Principle. It may occur only when the 

triplet excitons exchange its energy or excited electron with another molecule what is 

known as intersystem crossing. The process of intersystem crossing usually takes 

significant time to occur. Phosphorescence usually complies with the Stokes rule, in which 

emitted light is shifted to the lower energy region (red-shifted). However, anti-Stokes 

phosphorescence exists that is also known as delayed fluorescence. It happens when two 

triplets recombine to form a neutral molecule and a singlet exciton that possess higher 

energy. The latter recombines to emit a photon of higher energy (blue-shifted). 

Luminescence lifetime of phosphorescence is from some ten to microseconds up to

milliseconds (Figure 1.1). Spin-forbidden transitions (ΔS=1) is called phosphorescence. 

Internal conversion and other radiation less transfers of energy compete so successfully 

with phosphorescence that it is usually seen only at low temperatures or in highly viscous 

media.

Figure 1.1: Energy transfer process.[56]



1.3 Photoluminescence and Frank

When an electron in the ground state absorbs a photon of energy 

the lowest ground state of the HOMO (S

LUMO (S1) determined by the

relaxes non-radiatively down to the lowest vibrational sub

Because of the time needed for this process, the nuclei rearrange themselves. The electron 

then relaxes to the HOMO state by emission of a photon of energy 

energy loss due to the vibronic levels, the emitted ph
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the Franck-Condon-Shift (Figure 1.2)

                                                       

Figure1.2:
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1.3 Photoluminescence and Frank-Condon-Shift

When an electron in the ground state absorbs a photon of energy EA, it is promoted from 

lowest ground state of the HOMO (S0) to the corresponding vibronic sublevel of the 

) determined by the energy of the absorbed photon. After this, the electron 

radiatively down to the lowest vibrational sub-level of the LUMO (~10

Because of the time needed for this process, the nuclei rearrange themselves. The electron 

then relaxes to the HOMO state by emission of a photon of energy 

energy loss due to the vibronic levels, the emitted photon has a lower energy than the 

absorbed one. This energy shift between the absorbed and emitted photon is referred to as 

(Figure 1.2).

                                                       

Frank Condon Shift in diaomic molecule.[57]

, it is promoted from 

) to the corresponding vibronic sublevel of the 

After this, the electron 

l of the LUMO (~10-13sec). 

Because of the time needed for this process, the nuclei rearrange themselves. The electron 

then relaxes to the HOMO state by emission of a photon of energy EB, because of the 

oton has a lower energy than the 

absorbed one. This energy shift between the absorbed and emitted photon is referred to as 

.[57]
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1.4 Electroluminescence, charge injection, transportation and                   

recombination.

Excitation by injection of electric charge is the most important mechanism in light 

emitting materials. If an electron is injected into an emitting material by means of an 

external electric field, it will have to occupy a LUMO state because all states below the 

HOMO are occupied. In this case, no emission can occur because the excited electron is 

unable to relax. Therefore, to obtain emission from the material, electrons and holes have 

to be injected at the same time. Both carriers then travel through the material in opposite 

direction under the influence of the external electric field. For fluorescent materials, the 

emission of a photon occurs when singlet excitons, formed by the coulombic interaction of 

electrons and holes with opposite spin states, radiatively decay to the molecular ground 

state. The region where this process occurs is referred to as the recombination zone

(Figure 1.3). In the ideal case, all injected electrons recombine with a hole, i.e. the same 

number of electrons and holes has to be injected. The concept of “balanced injection” of 

carriers is an important aspect for the choice of materials. A significant disadvantage of 

fluorescent electroluminescence (EL) compared to photoluminescence (PL) is that 

emission can only occur from singlet excitons, limiting the electroluminescence efficiency 

(emitted photons per injected electron) in fluorescent materials to less than 25%. 

Theoretically, the PL efficiency can be unity because in this case all electron-hole pairs 

form singlet excitons.

Figure 1.3: Basic steps involved in electroluminescence.[58]

Luminescent materials or light emitting materials are also known as phosphors. There are 

hundreds of phosphors, including some natural minerals and some biological compounds 
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and new phosphors are being discovered or synthesized in laboratories throughout the 

world due to their utilization in many devices of importance [10,11]. The scientific 

research on phosphors has a long history going back more than hundred years. From the 

19th century to the early 20th century, Philip, E.A. Lenard and co-workers in Germany 

made active and extensive research on the phosphor and achieved impressive results [12].

They prepared various kinds of phosphors based upon alkaline earth chalcogenides, ZnS 

and various phosphors by using rare earth metals as activators also. Research on these 

materials has been supported by progress in advances in the understanding of the optical 

spectroscopy of solids especially that of transition metals ions and rare-earth ions.

1.5 Luminescence in organic materials

Organic materials refer to a base of the IV- group material carbon and with additional 

elements such as hydrogen (H), nitrogen (N), oxygen (O), phosphorus (P) and sulphur (S).

Since organic materials are not referred as conducting materials because of the large band 

gap, a very high electrical field has to be applied. When applying an electrical field, the 

charge injections result in geometrical defects on the symmetric organic structure and 

exhibit a lower band gap. The charged carriers move along the structure and the attraction 

between the carrier’s results in an exciton with a possibility to emit light as photons. The 

exciton is either in singlet or in triplet-state according to the Pauli’s principle [13]. The 

exciton will form two new energy bands inside the band gap. Upon relaxation of the 

exciton, heat and photons will be emitted with an energy set by the energy difference 

between the energy bands that represent the exciton. The singlet-state is regarded as the 

light forming state, while triplet-state is not. In some special cases the triplet-state 

produces light as well. The backbone of the organic materials is made up of strongly 

localized bonds between the carbon atoms. The conductivity is enabled through 

conjugated  bonds. The length of the conjugation, i.e. the conjugation length, set certain 

characteristics of the molecule. The conjugation length defines the length where the

electron is free to move. Naturally, small molecules tend to have short conjugation length, 

while longer conjugated molecules like polymers may have a longer. Longer conjugation 

length results in a smaller band gap. It is therefore easier to produce red light with 

conjugated polymers compared to small molecules, and consequently small molecules can 

more easily produce blue light. If the conjugation length of a molecule increases to 

infinity, the band gap is closely to zero, which could be compared to the conductivity for a 
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metal structure. This may be done by doping, i.e. introducing ions to the conjugated 

molecule, or by changing the side chains of the conjugated molecule.

1.6 Electroluminescence in organic materials

When an electrical field is applied, charge carriers are injected from the electrodes into the 

light emitting layer of organic materials respectively. The injection of the charged carriers, 

on to the organic chain, results through electron-phonon coupling in geometrical defects 

on the alternating structure, seen as polarons. The term electron-phonon coupling could be 

regarded as the “glue” between the bonding electrons of different atoms in the molecule

[14]. Depending on the injected charged carrier, hole-and electron-polarons move along 

the emitting layer towards the opposite electrode and the emitting layer. The polarons 

exhibit two new states of energy between the HOMO and LUMO that lower the band gap 

Eg. The attractions of the polarons of positive and negative character perform a formation 

to an exciton-polaron [15]. The exciton-polaron has a spin and a property of singlet or 

triplet-state. The energy level of the exciton-polaron is below the conduction band and the 

released energy is emitted as photons. The states of the exciton-polaron have certain 

influence of the emission of light and quantum efficiency since the singlet states release its 

energy as an emission of photons. The amount of the emitted light could be reduced 

primarily by the triplet states. If the emission of light takes place at a too close distance to 

a metal cathode, the light could be reduced through quenching of exciton-polarons.

1.7 Advantages of organic materials in electroluminescence 

processes

The application of organic compounds as active components in electronic devices is very 

important. Since Van Slyke and Tang from Kodak prepared a thin film organic 

electroluminescent device in 1987,   there has been special interest in the new technology 

of “cold” light emitting devices using organic phosphors [16]. Organic materials have 

some advantages over other non-organic luminescent materials, such as:

1. The organic materials are usually used as thin amorphous films, which can be 

processed easily over large area.     
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2. Amounts of organic materials are relatively small (100 nm thick) and large scale

production (chemistry) is easier than for inorganic materials (growth processes of

single crystals etc.). 

3. They can be tuned chemically in order to adjust the separately band gap transport 

as well as solubility and several other structural properties.

4. The vast variety of possible chemical structures and functionalities of organic

materials (polymers, oligomers, dendrimers, dyes, pigments, liquid crystals, etc.)

favour an active research for alternative competitive materials with the desired

properties. 

5. The unique thing about organic material over the inorganic ones is that their

emission is significantly red-shifted from their absorption bands, which is known 

as stokes shift [17].

6. Large amount of organic materials are known to have extremely high fluorescence

quantum efficiencies in the visible spectrum, including the blue region, some 

approaching 100% efficiency. 

1.8 Vapors-deposited small molecular organic light emitting   

diode

The development of organic EL reached an important milestone as a result of the effort of 

Tang and Vanslyk. When the material became ready for practical applications in the 

Kodak Research Laboratories, culminating in the 1987 demonstration of a double layer 

structure of a vacuum deposited small molecular film device as shown in (Figure 1.4)

                                     

Figure 1.4: Configuration of OLEDs.[59]
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Indium-tin-oxide (ITO) and a low work function alloy of magnesium and silver (Mg:Ag) 

were used as the anode and the electron-injecting cathode respectively. This device emits

green light with much lower driving voltages (brightness greater than 1000 cd/m2 below 

10 V), while a higher quantum efficiency (1 %), high luminous efficiency (1.5 lm/W) and 

fairly good stability (100hours) was reported. Today, the device configuration: 

ITO/NPB/Alq3/Mg:Ag is regarded as a prototypical structure of OLEDs or a so-called 

“standard device”. There are various nomenclatures of the OLEDs, which are based on 

utilized electroluminescent materials such as polymer light emitting diode employing 

polymer as luminescent material[18], flexible organic light emitting diode utilizes plastic 

substrate instead of glass substrate.

1.9 Polymeric organic light emitting diode

The advent of similar devices fabricated by Burroughs. of the Cambridge group in 1990 

drew further attention to PLED. It was the first polymeric light-emitting device (PLED) 

with green light emission based on poly-(para-phenylenevinylene) (PPV) thin film. The 

discovery and development of its derivatives led to A. J. Heeger being awarded the Nobel 

Prize in Chemistry in 2000. 

1.10 Flexible organic light emitting diode

Glass was used as the substrates in the OLEDs because glass has good inertness and 

strength. However, there are some disadvantages in using glass as it is brittle, inflexible 

and heavy. Another breakthrough occurred in 1992 when Gustafson et al. [19] fabricated 

the first fully flexible polymer-based OLED. Other than glass, polyethylene tetra phthalate 

(PET) sheets were utilized as the substrate. This is because PET sheets not only gave 

flexibility and toughness; it also lowered the weight of the devices. In 1996, The first 

flexible small molecule-based OLED using an ITO pre-coated transparent polyester as a 

substrate. It was reported that the performance of the flexible OLED (FOLED) was 

comparable to that deposited on glass substrates, and the FOLED did not deteriorate even 

under repeated bending.  Since then, research in the use of organic materials as the active 

semiconductors in OLEDs has advanced rapidly, and enormous progress has been made in 

improving the color gamut, luminance efficiency and device reliability; this is due to the 

promise of the use of this technology in flat-panel full-color displays.
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1.11 Device structure of organic light emitting diode and 

materials used.

An OLED consists of consecutive stacks of extremely thin organic layers (generally 

thinner than 0.2 µm in the total film thickness sandwiched between a low work function 

metal (and metal alloy) as cathode, and a transparent anode (e.g. ITO, AZO) [20]. Indium-

tin-oxide (ITO) is a usual choice; it possesses a high work function of approximately 4.5 

to 5.0 eV and has high transmittance and conductance. The top most layer is an electron-

injecting cathode, typically made of a low-to-medium work function metal or metal alloy, 

such as Ca (2.9 eV), Mg:Ag (3.66 eV) or Al (4.3 eV) .The organic layers, which comprise 

a hole-transporting layer (HTL) and an electron-emissive layer (EML), is called a basic 

two-layer device and this configuration was proposed by Kodak.

In this two-layer structure, the HTL is intentionally chosen to facilitate transport of holes 

while the other organic layer, i.e. ETL, is selected specifically for the transport of 

electrons [21]. The interface between the layers provides an efficient site for the 

recombination of the injected hole-electron pair, which results in electroluminescence.

Reduced resistance is provided by the extremely thin organic EL medium. This permits a 

higher current density from a given level of electrical applied voltage. As light emission of 

OLEDs is directly related to the current density applied through the organic EL medium, 

the coupling effect of the thin organic layers increases the charge injection and transport 

efficiencies. This allows an acceptable light emission to be achieved with a low biased 

voltage. Such kinds of structures can be further modified into a three-layer structure, 

which was pioneered by researchers at Kyushu University [22] by sandwiching an 

additional luminescent layer, i.e. emissive layer (EML), between the ETL and HTL, as 

shown in (Figure 1.5)
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Figure 1.5: Basic structures of typical OLEDs.[60]

This EML provides the sites for hole-electron recombination and thus 

electroluminescence. In this structure, the functions of the individual organic layers are 

different and distinct, and can therefore be optimized independently. Hence, the 

luminescence or recombination layer can be chosen to have the desired EL colour with 

high luminescence efficiency. Similarly, the electron and hole transport layers can be 

optimized primarily for carrier transport property. In order to improve the device 

performance, it is important to understand the properties of materials which affect the 

performance of OLEDs. Organic materials can be tailored to serve specific functions. 

With appropriate chemical design composition, molecules can be modified to serve 

different functions in OLEDs. Generally, materials can be classified into hole transporting 

materials (HTM), light emitting materials (EM), and electron transporting materials 

(ETM), sandwiched between the anode and cathode according to the function of the 

materials in OLED [23].

1.11.1 Anode

In a basic OLED structure, a transparent conductive oxide (TCO) layer is used as the 

anode. A common conducting metal oxide used as an anode is indium-tin-oxide (ITO). 

ITO is a good choice not only because it has a high work function of about 4.5 – 5.3 eV,

but also because it is reasonably inert, highly electrically conductive can be easily 
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patterned, and optically transmission (> 90 % transmission for visible light region), which 

enables light emission through the substrate. Preparation methods currently used include 

magnetron sputtering, spray pyrolysis, and chemical vapour deposition. In order to raise 

the work function of ITO, some commonly used surface treatments are adapted, these 

include acid treatment ultraviolet (UV)–ozone treatment and oxygen plasma treatment

[24]. The employment of the surface treatment of ITO dramatically enhances hole

injection, and device performance and reliability are improved significantly. Recently, Al-

doped transparent conductive zinc oxide (AZO) films have been investigated as an 

alternative to ITO films [25]. AZO films with surface work functions between 3.7 and 4.4 

eV were obtained by varying the sputtering conditions. In comparison to ITO, ZnO films 

are more stable in reducing ambient environment, more abundant, and less expensive. This 

makes AZO a competitive alternative for the anode which currently uses ITO.

1.11.2 Hole transporting materials

The hole-transporting layer (HTL) can greatly improve the performance, i.e. the 

operational stability and EL efficiency, of OLED. It assists hole injection as a result of a 

better matching with the work function of the anode. It also facilitates hole (positive 

charge carriers) transports from the anode to the recombination zone, thus reducing the 

accumulation of charges at the anode and HTL interface. The material used in this layer is 

called hole transporting material (HTM). The choice of HTMs for organic 

electroluminescence (EL) applications is mainly focused on materials with a high thermal 

stability, high glass transition temperature (Tg), small energy barrier at the interface of 

anode/HTL (i.e low ionization potential, Ip ) and good film forming properties [26]. 

Aromatic amines are commonly used as HTL materials. Within this amine class, one of 

the most widely used HTM material is small molecule OLED is a-naphthylphenylbiphenyl 

diamine (NPB). NPB was first demonstrated by Vanslyke and Tang and is a benzidine 

derivative with naphthyl substituent. The bulky naphthyl moiety in the molecule provides 

a more rigid structure and thus substantially high Tg of 98 °C. It is considerably higher 

than that of another well known HTM of N, N´-diphenyl-N, N´-bis (3-methyl phenyl) 

(1,1´-biphenyl)-4,4´-diamine(TPD) (Tg =60°C). Another commonly used HTM is copper 

phthalocyanine (CuPc) which is combined with NPB to construct double HTLs. Actually, 

CuPc inhibits hole injection and is detrimental to the device characteristics [27]. The most 

appealing advantages of CuPc is its ability to planarize the irregularities present at the ITO 



14

surface, and its superior film uniformity. Forsythe reported that NPB organic molecules 

grow in island-like modes on a pristine ITO surface using atomic force microscopy. 

However, they grow layer by layer with the presence of CuPc. This excellent uniformity 

apparently improves film adhesion, and is crucial to the operational stability of the 

devices. The chemical structures of NPB, TPD and CuPc are shown in (Figure 1.6)

                                                                          

                                                                 NPB                                    

                                                                 TPD

                                                                CuPc

Figure 1.6: Chemical structure of typical HTMs
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1.11.3 Electron transporting material  

An electron-transport layer is introduced to reduce the electron injection barrier of the 

cathode and transport electrons from the cathode to recombine with holes [28]. An 

effective ETM has a low lowest unoccupied molecular orbital (LUMO) and a high 

ionization potential (Ip). Metal chelates and in particular Alq3 are of most prevalent ETMs. 

Alq3 is the most commonly used ETM due to its relatively good overall performance. It 

gives green emission at around 530 nm in the photoluminescence (PL) spectrum. In 

addition, it has a large electron affinity (EA) of 3.1ev. ) of 3.1 eV, which minimizes the 

electron injection barrier from the cathode. It has also an unusually good thermal and 

morphological stability because of its high molecular symmetry. 

1.11.4 Emissive material

Holes and electrons are recombined in the EML so as to prevent quenching of the excitons 

near the metallic cathode surface. Light will be emitted upon hole-electron recombination

and the emissive wavelength depends on the band gap of the EML material. Alq3 can be 

utilized as the EML because it is a good material for transporting electrons. Also, it is 

capable of emitting with a very good operation stability [29]. It has been reported that the 

emissive material has an electron transporting nature since the recombination of the charge 

carriers takes place in the narrow Alq3 layer which is far away from the metal cathode. 

1.11.5 Cathode 

Metal cathodes with a low work function such as Mg, Ca, Li, etc. are used to reduce the 

barrier height for electron injection. Organics tend to have low electron affinities, so lower 

work function metals tend to inject electrons much better. For metals having a low work 

function, the barrier height between the Fermi-level of the cathode and the LUMO will be 

minimized. Alkali, alkaline and rare-earth (lanthanides) metals are ideally suited although 

they are mostly reactive and highly susceptible to atmospheric oxidation and corrosion. 

Accordingly, either covering with or incorporating of stable metals, such as aluminium 

(Al) or silver (Ag), is employed to provide some degree of stabilization. The typical 

choice as the cathode in small-molecular OLEDs is Mg-Ag alloy.

Magnesium (Mg) is a relatively stable metal with a work function of 3.6 eV, which is 
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sufficiently low to render it suitable as an electron injection electrode. The small amount 

of Ag is added to improve the sticking coefficient of Mg and hence assists Mg adhesion 

and to increase the conductivity of the electrode. Furthermore, the small amount of Ag 

helps to retard the degradation process, as Mg is very active and susceptible to 

atmospheric oxidation and corrosion.  The development of a bilayer cathode with the 

structure of LiF/Al, first demonstrated by Wang et al. [30] marked another milestone. The 

utilization of the LiF/Al resulted in a substantial reduction in driving voltage and an 

increase in luminous efficiency. Thereafter, numerous researches using different insulating 

materials instead of LiF have been reported including CsF, NaCl , Al2O3 and have shown 

similar beneficial effects. Studies on the underlying working principle have been carried 

out, and it was revealed that the enhancement of electron injection is attributed to the 

liberation of low work function alkali or alkaline earth metal atoms.

1.12 Types of organic light emitting diode

There are several ways to classify OLEDs typically.

1.12.1 Passive and Active matrix organic light emitting diode

PMOLEDs are easy to make, but they consume more power than other types of OLED, 

mainly due to the power needed for the external circuitry. PMOLEDs are most efficient 

for text and icons and are best suited for small screens (2- to 3-inch diagonal) such as 

those you find in cell phones, PDAs and MP3 players AMOLEDs consume less power 

than PMOLEDs because the TFT array requires less power than external circuitry, so they 

are efficient for large displays. AMOLEDs also have faster refresh rates suitable for video. 

The best uses for AMOLEDs are computer monitors, large-screen TVs and electronic 

signs or billboards. 

1.13 Techniques for organic light emitting diode fabrication 

Techniques for the Organic materials can be classified in the following two broad 

categories. 

 Evaporation

 Wet processing
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Evaporation techniques which are suitable for small molecules are:

a. Sputtering

b. E – beam evaporation

c. Vapour deposition 

Sputtering and electron–beam evaporation are used for high temperature material. Organic 

materials have low glass transition temperature so these techniques can damage the 

organic layers. Sputtering is one of the most versatile methods used for the deposition of 

transparent conductors when device-quality films are required. Compared with other 

deposition techniques, the sputtering process produces films with a higher quality and 

better-controlled composition, provides films with a higher adhesive strength and 

homogeneity and permits better control of film thickness. 

Small molecular compounds and metal electrode can be deposited under a vacuum (10ˉ 6 

Torr or better) by thermal evaporation. Solid materials will vaporize when heated to a 

sufficiently high temperature. The condensation of the vapour onto a relatively cool 

substrate yields a thin solid film. The deposition rate and thickness of the film can be 

controlled and measured by many well-developed techniques such as a quartz-crystal 

monitor. It is a sensitive microbalance that measures the actual changes in the resonant 

frequency of the quartz-crystal oscillator when the mass loading on the crystal changes. A 

quartz-crystal monitor can check and control both the deposition rates and the total 

thickness of the final films. Using properly matched shadow masks for depositing RGB 

emitting materials, segmented-color or full-color displays can be easily achieved. One of 

the most salient advantages of thermal vacuum evaporation is that the thickness of each 

layer and the doping of dyes can be controlled systematically and easily fabricated in a 

single deposition procedure [31].

1.14 Working mechanisms of organic light emitting diode

An OLED works on the principle of electroluminescence [32]. Injection of holes occurs 

from the anode into the HTL when a positive electrical potential is applied to the anode. 

On the other hand, electrons are injected from the cathode into the ETL when a negative 

electrical potential is applied to the cathode of the device. The highest occupied molecular 

orbital (HOMO) of the HTL is slightly above that of the ETL, so holes can easily enter 
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into the ETL (Figure 1.7). However, electrons are confined in the ETL region because the 

lowest unoccupied molecular orbital (LUMO) of the ETL is significantly below that of 

HTL. Also, the hetero junction design of the OLED is to facilitate the hole injection from 

the HTL into the ETL and to block the electron injection in the opposite direction. This 

enhances the probability of exciton formation and recombination near the interfacial 

region. The mobility of holes in ETL is slow; hence the recombination between holes and 

electrons is enhanced. Since excitons are unstable, the excited energy is released in a form 

of electromagnetic wave (e.g. visible light) with a wavelength corresponding to the energy 

difference between the ground and the excited state. The emitted light is partially reflected 

by the metal cathode, and most of it is passed through the transparent anode and substrate 

for viewing by an observer. Different emissive materials can give different colors of light. 

Figure 1.7: Schematic energy level diagram of a two-layer structure OLED.[61]

1.15 Charge carrier transport 

The charge injections from both the cathode and anode electrodes to the organic layer as 

well as the charge transportation are important factors to reduce the operating voltage and 

increase the luminance efficiency of OLEDs. Usually, the electron mobility in electron-

transport materials such as Alq3 is one or two orders of magnitude lower than the holes

mobility in hole- transport materials such as NPB. The hole mobility of NPB is in the 

range of 10ˉ 3 cm2/Vs which is two or three orders of magnitude higher than the electron 
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mobility in Alq3. In this case, the limiting factor for low voltage operation and device 

power efficiency is the electron current from the cathode to the luminescent organic layer. 

In addition, it was found that the current showed a power law dependence on the voltage. 

Actually the current-voltage characteristic is related to the injection of carriers into the 

organic thin film in which a large density of traps is distributed in energy beneath the 

LUMO. This concept revealed that trapped-charge-limited (TCL) currents dominate the 

transport in OLEDs at a high injection current. For instance, if the I-V characteristics of 

Alq3 based OLEDs are analyzed over a wide range of temperatures, an exponential 

distribution of traps is revealed with a characteristic energy of 0.15 eV below the LUMO 

of Alq3. For this reason, the intrinsic distribution of traps limits the flow of the current. In 

order to increase the luminescence efficiency, the injection and mobility of both charge 

carriers (electrons and holes) should be increased.

1.16 Exciton formation   

After the charge injection from both electrodes to the organic layers, the holes and 

electrons recombine to form excitons and produce light upon radiative decay. There are 

two kinds of excitons: singlet and triplet. The radiative decay from the singlet state 

(generally in ns order) is relatively faster than the decay of the triplet state (generally in 

µs). The former case is called fluorescence [33]. According to the conservation of spin, the 

decay from the triplet state to singlet ground state is not allowed and often non-radiative. 

However, in the presence of heavy atoms, spin-orbital coupling and exciton relaxation can 

lead to radiative decay from the triplet to singlet state. This case is called 

phosphorescence. Since different decay mechanisms possess different decay lifetimes, the 

decay lifetime is an important feature distinguishes fluorescence and phosphorescence. 75 

% of the excitons formed by electron-hole recombination are into triplet states, and the 

remaining 25 % of excitons are in the singlet states which follow the spin statistics [34]. 

Fluorescence and phosphorescence are distinguished by the change of the spin quantum 

number (S) between the initial and final states from the quantum physics aspect. 

WhenS = 0 (anti-symmetric molecular excitation), the emission process is defined as 

fluorescence and spinning is allowed in its transition. When S ≠ 0 (spin-symmetric 

molecular excitation), the emission process is defined as phosphorescence. In the presence 

of spin-orbital coupling, triple emission is partially allowed [35]. In fluorescence 
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materials, only singlet excitons can undergo radiative decay to give light emission. As a 

result, the efficiency of fluorescence-based OLEDs normally has an upper limit of 25 %. 

For organic materials consisting of elements of a high atomic number such as iridium (Ir), 

platinum (Pt) and rhodium (Rh), spin-orbital coupling is drastically enhanced. This leads 

to considerable singlet-triplet state mixing, and so the remaining 75 % triplet decay can 

also promote radiative decay and lead to phosphorescence [36]. (Figure1.8) summarizes 

the processes responsible for electroluminescence described above, including charge 

carrier injection from the electrodes, the capture of oppositely charged carriers 

(recombination), and the radiative decay of the excitons produced, which is crucial to 

device operation.

Figure 1.8: Diagram of organic electroluminescence process.[62]

1.17 Advantages and disadvantages of organic light emitting 

diode

OLEDs are already commercialized and they are making ways to the display markets. 

Currently OLEDs are used in low information displays with limited size such as mobile 

phones, PDAs, MP3 players, digital cameras and some laptop cameras. The driving force 

behind this success is some advantages that the OLEDs enjoy.
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Table 1.1: Advantages and Disadvantages of the OLEDs

S. No Advantages Disadvantages

1.               Robust Design             Highly susceptible to degradation

         by oxygen and water molecules.

2.                  170˚ images viewing angle

             

            Less lifetime

3. Extra ordinary brightness          Low glass transition temperature

4.                 Clear distinct images          Low mobility due to amorphous

       nature of the organic molecules

5            Applicability in wide

       temperature operating range(40-85˚C)
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CHAPTER 2

MOTIVATION AND SCOPE OF THE THESIS

2.1 Introduction

Organic Light-Emitting Devices provides a comprehensive, wide-ranging and 

authoritative account of both the science behind OLEDs and of recent developments in the 

materials used to produce them. It will make a valuable contribution to the research field 

for chemists, physicists and optical engineers alike. Organic light-emitting diodes 

(OLEDs), especially phosphorescent OLEDs, have been actively investigated for both 

display and lighting applications due to their ability to efficiently utilize both singlet and 

triplet excitons [37]. In particular, white OLEDs have been attractive candidates for future 

solid state lighting sources since their power efficiencies have surpassed those of

incandescent bulbs [38].

Poly (phenylenvinylene) (PPV) as an emission material in polymer light-emitting devices 

interest in PPV has increased dramatically. As model compounds for the corresponding 

polymers, oligomers, which have a definite structure and can form a film by thermal 

evaporation like low-weight molecules, have attracted more and more attention [39-45].  

Phosphorescent organic light-emitting diodes (PhOLEDs) based on heavy metal 

complexes have recently received great attention due to their high internal quantum 

efficiency, up to 100% of a theoretical value, from contribution of both singlet and triplet 

excitons for light-emission.[39]. Nonetheless, PhOLEDs have a barrier, to overcome: 

triplet excitons can diffuse to the adjacent layers due to their long life time, leading to 

undesired emission or quenching of light. Thus, the confinement of triplet excitons with in 

an emitting layer (EML) is necessary to deploy phosphorescent emitters, which requires an 

additional hole-blocking layer (HBL) between an EML and an electron-transporting layer 

(ETL). The HBL could also be advantageous to control of charge balance by blocking 

hole-diffusion from the EML into the ETL.   
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2.2 Motivation

In the year 2002 Mishra et al [40] investigated that temperature dependence of 

electroluminescence degradation was in two types of organic light emitting devices 

(OLEDs) based on tris(8-hydroxyquinoline) aluminum (Alq3) emitter molecule.

               1. without copper phthalocyanine (CuPc).

               2. with copper phthalocyanine (CuPc).

Buffer layer at the hole-injecting contact interface. The devices without the CuPc buffer 

layer demonstrated negligible change in half-life when operated at 22 or 70 °C, while 

devices with the CuPc layer showed the expected decrease in half-life when the 

temperature was increased. which identifies Alq3 cations as unstable, leading to device 

degradation.

There is another work reported by Li et al [41] in 2005 prepared the first iridium 

complexes with a six-membered chelated structure. Similar to the five-member cheated 

compounds. These complexes show deep red phosphorescent emissions at 650-680 nm

with short excited lifetimes of 1.7-3.0s and moderate quantum yields of 0.05-0.11 in 

deaerated CH3CN. The decent electroluminescent performance of these species 

demonstrates their promising feature in OLED displays.

In the same year Zhang et al [42] who successfully synthesized a new Ir(III) complex, 

Ir(MDPP)2(acac). This complex has good electrophosphorescent emitter in organic light 

emitting device. The device emits yellow light with a external quantum efficiency of 

6.02% and a luminance efficiency of 9.89 lm W-1. 

In the year 2006 Zhang et al [43] synthesized and characterized three diphenyquinoline 

based iridium complexes. These complexes show strong orange emission, which can be 

tuned by the introduction of fluorinated substituent on the ligand frame.  A highly efficient 

OLED using complex Ir(2-FDPQ)(acac) as the dopant has been preliminary demonstrated. 

There is another important work reported by Chen et al [44] in 2007 prepared One-

dichloro bridged diiridium complex and three mononuclear iridium (III) complexes based 

on the 1,3,4-oxadiazole derivatives as cyclometalated ligands and acetylacetonate (acac)
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as ancillary ligand have been synthesized. In this paper Lianqing Chen report the new 

mononuclear iridium complexes. The thermal, photophysical, and electroluminescent 

properties of these complexes were also studied and investigated their crystal structures, 

focusing on the thermal, photophysical, and electroluminescent properties of these 

complexes were also studied. 

In the recent year another work reported by Ulbricht et al [45] In order to incorporate 

iridium(III) complexes covalently into an oxetane bearing hole transporting matrix, a new 

oxetane equipped acetoacetate derivative was introduced as an ancillary ligand. Model 

complexes with an analogical non polymerizable ligand were also prepared in order to 

perform comparative investigations. Therefore, a series of biscyclometalated Ir(III) 

complexes, showing orange and green emission were synthesized and fully characterized. 

The emission maxima are 569 nm for the orange and 518 nm for the green-emitting Ir(III) 

complexes.

In the year 2009 Lee et al [46] synthesized a new iridium based complexes containing the 

bulky przl ligands, exhibit a high luminous efficiency, and thus a good device 

performance, owing to the bulkiness of the przl ancillary ligands. 

In the year 2009 Ge et al [47] synthesizes phosphorescent iridium (III) diazine complexes 

emitting yellow or green colors. Steric influence of substituent group or symmetry of the 

ligand plays a very important role in the cyclometalated procedure. Secondly, the iridium 

pyrimidine complexes show a significantly blue-shift of the emission band, compared with 

iridium pyrazine complexes. The iridium pyrazine complex emits yellow light with a 

maximum peak at 575 nm, whereas the iridium pyrimidine complex emits green light with 

a maximum peak at 527 nm.

2.3 Scope of the thesis 

Use of these phosphorescent Iridium complexes in OLED devices has received 

considerable attention because of their high phosphorescence quantum efficiency, which is 

due to mixing the singlet and triplet exited states via spin-orbital coupling and enhancing 

the triplet state subsequently. 1,3,4-Oxadiazole derivatives are one of the most widely 

studied classes of electron injection/hole-blocking materials due to their electron 
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deficiency, high photoluminescence, quantum yield, good thermal and chemical stabilities.

Therefore the aim of this work is focused on

1. Design and synthesis of phosphorescent metal complexes of iridium metal using 

1,3,4-oxadiazole as primary ligand and various substituted diketones as secondary 

ligand.

2. To study the photoluminescence.

3. To employ the mononuclear complexes for the device fabrication as they exhibit 

much better luminescent properties than the dimer

4. To use these metal complexes as emissive materials in organic light emitting 

devices.
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CHAPTER-3

EXPERIMENTAL

Material synthesis, their characterization and device 

fabrication

3.1 Synthesis

The two materials have been synthesized. These materials are

[Ir(PBD)2(Thenoyltrifluoroacetylacetone)] and [Ir(PBD)2(2,2,6,6- tetramethyl 3,5-

heptadione)]. Their synthesis process is explained in subsequent subsections.

3.1.1 Synthesis of Tetrakis[2,5-bis(4 -methoxyphenyl)-1,3,4-oxadiazolyl-  

C2,N] (µ-dichloro)diiridium(III)

Iridium trichloride hydrate (50 mg, 0.157 mmol), reacted with 2.5 equiv of 1,3,4-

oxadiazole derivatives in a mixture of ethylene glycol monoethyl ether (14 mL) and 

double distilled water (5 mL). The reaction mixture was then refluxed under N2

atmosphere for 24 h. The reaction mixture was cooled to room temperature, and the 

resulting yellow precipitate was filtered by using Wattman paper and washed with ethanol. 

The sample was dried under vacuum at 100ºC for 6-8 hours (Figure 3.1).
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Figure 3.1: Synthesis of Tetrakis[2,5-bis(4 -methoxyphenyl)-1,3,4-oxadiazolyl-

C2,N](µ-  dichloro)diiridium(III)

3.1.1.1 Synthesis of mononuclear Ir(III) complexes using Thenoyl-

            trifluoroacetylacetone as secondary ligand.

The dimer (41.5 mg), 149 mmol of secondary ligand, Thenoyltrifluoroacetylacetone, and 

Na2Co3 (63.6 mg) were dissolved in ethylene glycol monoethyl ether (14ml). The mixture 

was refluxed under N2 atmosphere for 17-18h. After the sample was cooled to room 

temperature small quantity of water was added.  The resulting yellow precipitate was 

collected by filtration and washed with ethanol. The sample was dried under vacuum at 

100ºC for the next 6-8 hours (Figure 3.2).



28

+
S

OH O

F

F

F

Na2Co3 reflux

S

O

O
+

Ir
-

F

F

F

O

N
+

N

CH3

CH3
CH3

2

2

Ir
-

Cl
+

Cl
+

Ir
-O N

N
+

CH3
CH3 CH3

O
N

N
+

CH3 CH3

CH3

2

Figure 3.2: Synthesis of mononuclear Ir(III) complexes using        

Thenoyltrifluoroacetylacetone as secondary ligand

3.1.1.2 Synthesis of mononuclear Ir(III) complexes 2, 2, 6, 6-tetramethyl 

3,5-heptadione

The dimer (41.5 mg) and 1ml of secondary ligand, 2, 2, 6, 6-tetramethyl 3,5-heptadione,

and Na2Co3 (63.6 mg) were dissolved in ethylene glycol monoethyl ether (14 ml). The 

mixture is refluxed under N2 for 15-18 h. After the sample is cooled to room temperature 

small quantity water was added. The resulting yellow precipitate is collected by filtration 

and washed with ethanol. Then sample was dried under vacuum for 6-8 hour (Figure 3.3).



29

+

OH O

CH3

CH3

CH3

CH3 CH3

CH3 Na2Co3 reflux

O

O
+

Ir
-

O

N
+

N

CH3

CH3
CH3CH3

CH3

CH3

CH3

CH3
CH3

2

2

Ir
-

Cl
+

Cl
+

Ir
-O N

N
+

CH3

CH3 CH3

O
N

N
+

CH3
CH3

CH3

2

Figure 3.3: Synthesis of mononuclear Ir(III) complexes using 2, 2, 6, 6- tetramethyl

                        3,5- heptadione as secondary ligand

3.2 Material characterization, device fabrication techniques: 

3.2.1 Materials characterization 

In material characterization basically we have tried to characterize the synthesized 

material by variety of techniques to assure that the appropriate materials with suitable 

properties are synthesized. Some of the characterization techniques used for the 

characterization of materials is described below. 
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3.2.1.1 UV- visible spectrometer

UV-visible spectrometer, as illustrated in Figure 3.4, is used to determine the optical 

transmittance of the TCO films. There are four main parts in the spectrometer which are 

the light source, sample compartment, diode-array detector, and a data acquisition 

computer. The sample compartment is located between the light source and the detector. 

The spectrometer measures the amount of ultraviolet and visible light transmitted by a 

sample which is placed in the sample compartment [48]. In the beginning of the 

measurement, a pure glass substrate was placed in the sample compartment for the 

calibration of the spectrometer. After the calibration, the sample, i.e. TCO coated 

substrate, was then placed in the compartment for the optical transmittance measurement. 

The principle of UV/Vis measurement is illustrated in Figure 3.5. By measuring the initial 

and the final light intensity I˳ and I, the transmittance    (T = I/I˳) and absorbance (A= - log 

I/I˳) of the sample substrate can be determined. The absorbance coefficient α can be 

calculated according to the equation (I = I˳e-αt ) 

Figure 3.4: UV- Vis Spectrometer

                                          

                              Figure 3.5: Working principle of UV-Vis spectrometery
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3.2.1.2 Photoluminescence spectroscopy 

Materials structures are investigated using the technique of photoluminescence (PL). A 

laser is used to photo-excite electrons in material and when they spontaneously de-excite 

they emit luminescence. The luminescence is analyzed with a spectrometer and the peaks 

in the spectra represent a direct measure of the energy levels in the semiconductor [49].

The diagram of the photoluminescence spectrophotometer is shown below (Figure 3.6).

                             

Figure.3.6: Photoluminiscence spectrophotometer

All material have so-called “energy gaps” for the conducting electrons. In order to 

understand the concept of a gap in energy, first consider that some of the electrons in 

material are not firmly attached to the atoms, as they are for single atoms, but can hop 

from one atom to another. These loosely attached electrons are bound in the solid by 

differing amounts and thus have much different energy. Electrons having energies above a 

certain value are referred to as conduction electrons, while electrons having energies 

below a certain value are referred to as valence electrons [50]. This is shown in the 

diagram where they are labeled as conduction and valence bands. The word band is used 

because the electrons have a multiplicity of energies in either band. Furthermore, there is 

an energy gap between the conduction and valence electron states. Under normal 

conditions electrons are forbidden to have energies between the valence and conduction 

bands. If a light particle (photon) has energy greater than the band gap energy, then it can 

be absorbed and thereby raise an electron from the valence band up to the conduction band 

across the forbidden energy gap. (See Figure 3.7) In this process of photo excitation, the 
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electron generally has excess energy which it loses before coming to rest at the lowest 

energy in the conduction band. At this point the electron eventually falls back down to the 

valence band. As it falls down, the energy it loses is converted back into a luminescent 

photon which is emitted from the material. Thus the energy of the emitted photon is a 

direct measure of the band gap energy, Eg. The process of photon excitation followed by 

photon emission is called photoluminescence.

Figure 3.7: Schematic diagram of luminescence.[63]

3.2.1.3 Fourier Transforms Infra-Red spectroscopy.

A molecule absorbs the radiation only when the natural frequency of vibration of some

part of molecule (i.e atoms or group of atom comprising it) is the same as the frequency of 

the incident radiation. After absorbing the correct wavelength of the radiation, the 

molecule vibrates at increased amplitude. This occurs at the expense of the energy of the 

IR radiation, which has been absorbed.

Infrared spectroscopy is one of the most powerful analytical techniques, which offer the 

possibility over the other usual method of structural analysis (X- ray diffraction, electron 

spin resonance, etc) is that it provides useful information about the structure of the 

molecule and bonding quickly, without tore-some evaluation method. Moreover FT-IR 

provides a very faster of identifying chemical structure especially those of the organic 

ones.
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FT-IR spectroscopy employee an interferometer in place of monochromatic (Figure 3.8). 

This device generates the Fourier Transform of the infra red spectrum, which is converted 

to spectrum itself by a computer. This approach has the advantageous of providing much 

higher source radiation throughput, increased signal to noise (S/N) ratio and higher wave 

number accuracy than is possible with a conventional light dispersive spectrometer [51].

Figure.3.8: FT-IR Spectrophotometer

The technique is based upon the simple fact that a chemical substance shows marked 

selective absorption in infra red region giving rise to close packed absorption band, called 

an IR absorption spectrum, which may extend over a wide wavelength range. Various 

bands in an IR spectrum correspond to characteristic functional groups and bands present 

in the chemical substance. IR spectrum of a chemical substance is thus a finger print for its 

identification band position in infrared spectrum may be expressed conveniently by wave 

number ύ, whose unit is cm-1. The relation between velocity c, wavelength λ and 

frequency ύ is as follows:

                                                   ύ = C/ λ        or     ύ/Cm-1 = λ

band intensities in IR spectrum may be expressed either as transmittance(T) or 

absorbance(A). Transmittance is defined as the ratio of the radiant power transmitted by a 

sample to the radiant power incident on the sample in most spectrum transmittance (T) 

versus wave number (cm-1) has been plotted.     
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3.2.1.4 Nuclear magnetic resonance spectroscopy

Nuclear Magnetic Resonance (NMR) is a powerful non-selective analytical tool that 

enables you to ascertain molecular structure including relative configuration, relative and 

absolute concentrations, and even intermolecular interactions without the destruction of 

the analyze. Chemists, with little knowledge of NMR, are now able to obtain 2- or even 3-

dimensional spectra with a few clicks of a button. A basic understanding of a few key 

aspects of NMR spectroscopy can ensure that you obtain the best results possible.  This 

guide is intended to highlight the most pertinent aspects of practical NMR spectroscopy. 

Nuclei with an odd mass or odd atomic number have "nuclear spin" (in a similar fashion to 

the spin of electrons). This includes 1H and 13C (but not 12C). The spins of nuclei are 

sufficiently different that NMR experiments can be sensitive for only one particular 

isotope of one particular element [52]. The NMR behavior of 1H and 13C nuclei has been 

exploited by organic chemist since they provide valuable information that can be used to 

deduce the structure of organic compounds. These will be the focus of our attention. Since 

a nucleus is a charged particle in motion, it will develop a magnetic field. 1H and 13C have

nuclear spins of 1/2 and so they behave in a similar fashion to a simple, tiny bar magnet.

In the absence of a magnetic field, these are randomly oriented but when a field is applied 

they line up parallel to the applied field, either spin aligned or spin opposed 

[53]. The more highly populated state is the lower energy spin state spin aligned situation.

The basic arrangement of an NMR spectrometer is shown below (Figure 3.9). The 

sample is positioned in the magnetic field and excited via pulsations in the radio frequency 

input circuit. The realigned magnetic fields induce a radio signal in the output circuit 

which is used to generate the output signal [54]. Fourier analysis of the complex output 

produces the actual spectrum. The pulse is repeated as many times as necessary to allow 

the signals to be identified from the background noise.
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                Figure 3.9: Arrangement of NMR spectrometer.[64]

3.2.2 Device fabrication technique:

OLED fabrication includes the deposition of the thin film like. Polymer and metal 

complexes over a glass substrate which is already coated with Indium Tin Oxide (ITO) 

which is the anode and a low work function metal is the cathode. Typically organic layer 

thickness is nearly 100 nm. The term thin film is generally applied to layers that have 

thicknesses on the order of several micrometers or less. These films may be as thin as a 

few atomic layers. In many cases, adding atoms or molecules to a substrate surface one at 

a time forms thin films. The layer whose size is greater than 100 nm called coating. Many 

technique are used for device fabrication, one of them we used for device fabrication was 

vacuum evaporation technique.  Before preparing a device its patterning is very important.

To obtain desired patterns from OLEDs the layer of ITO on glass surface is shaped in a 

certain manner. It is achieved by Photolithography. 

3.2.2.1 Vacuum evaporation technique:

When a pan of water is left to boil on the stove, droplets of water form on the ceiling of 

the kitchen. If the boiling water is then transferred to a bowl and quickly placed in the 

freezer, a layer of ice forms above the bowl. Given a high enough temperature, the same 

cycle of evaporation and condensation can be used to form films of virtually any material 

that remains stable in a vapor state. When used to apply very thin films in a high vacuum 
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environment, this process is known as thermal evaporation. This method use high 

temperature to melt or sublimate the target (source material) into vapor state. The atom or 

molecule of target is speed up by high temperature. Passing through a vacuum space, 

condensing of a vaporized form to substrate surfaces [55]. The vacuum is required to 

allow the molecules to evaporate freely in the chamber, and they subsequently condense 

on substrate surfaces. As the term "Thermal" indicated, the thermal high temperature is the 

key role of this method. "Thermal High Temperature" is same for all evaporation 

technologies; only the techniques used to the heat (evaporate) the target differs. Several 

techniques are used as the thermal high temperature means.

    Figure.3.10: Schematic diagram of the thermal vacuum evaporation process.[65]

The vacuum thermal evaporation deposition technique consists in heating until 

evaporation of the material to be deposited. The material vapor finally condenses in form 

of thin film on the cold substrate surface and on the vacuum chamber walls (Figure 3.10). 

Usually low pressures are used, about 10-6 or 10-5 Torr, to avoid reaction between the 

vapor and atmosphere. At these low pressures, the mean free path of vapor atoms is the 

same order as the vacuum chamber dimensions, so these particles travel in straight lines 

from the evaporation source towards the substrate. This originates 'shadowing' 

phenomenon with 3D objects, especially in those regions not directly accessible from the 
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evaporation source (crucible). Besides, in thermal evaporation techniques the average 

energy of vapor atoms reaching the substrate surface is generally low (order of kT, i.e. 

tenths of eV). This affects seriously the morphology of the films, often resulting in a 

porous and little adherent material.

3.3 Device fabrication

3.3.1 Ir(PBD)2(Thenoyltrifluoroacetylacetone) and Ir(PBD)2(2,2,6,6-  

tetramethyl 3,5-heptadione) based organic light emitting diode:

The OLED device was fabricated in a configuration ITO/α-NPD 

(30nm)/Ir(PBD)2(Thenoyltrifluoroacetylacetone)(35nm) or Ir(PBD)2(2,2,6,6-tetramethyl 

3,5 heptadione)(35nm)/BCP(6nm)/Alq3(28nm)/LiF(1nm)/Al (as shown in schematic 

diagram of OLED Device (Figure 3.11). Indium-tin oxide (ITO) coated glass substrates 

with  sheet resistance of 20 Ω/� were patterned using photolithography and cleaned using 

dichloroethylene, acetone, isopropyl alcohol and deionised water sequentially for 20 

minutes using an ultrasonic bath and dried in flowing nitrogen. Prior to film deposition, 

the ITO substrates were treated with oxygen plasma for 5 minute. On the substrate, the 

hole transport layer and the emitting layers were deposited sequentially under a high 

vacuum (1 × 10-5 torr) at a deposition rate of 0.2 - 0.5 Å/sec and LiF at 0.1-0.2  Å/sec. 

Thickness of the deposited layers were controlled by a quartz crystal monitor. The cathode 

was deposited on the top of the structure through a shadow mask. A 30 nm N,Ndiphenyl-

N’N’-bis(1-naphthyl)-1,1’-biphenyl-4,4’-diamine(α-NPD) (Sigma Aldrich) was used as 

hole transport layer. Ir(PBD)2(Thenoyltrifluoroacetylacetone) or Ir(PBD)2(2,2,6,6-

tetramethyl 3,5 heptadione) was used as the emitting layer and aluminium tris-8-

hydroxyquinoline(Alq3) (Sigma Aldrich) was used as electron transport layer. The electron 

injection was facilitated using a 1nm thin LiF (Merck, Germany) layer followed by a thick 

layer of aluminium. The size of each pixel was 4 × 4 mm2. The current–voltage (I-V) 

characteristics were measured using (Keithley 2400).



Figure 
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Figure 3.11: Device structure of OLED
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Structural characterization

The structural characterization of these iridium complexes is done by the infrared 

absorption spectrum in KBr pellets has been studied using a Perkin-elmer (aspectrum BX)

spectrometer and by NMR spectrum in CDCl3 solvent.

4.1.1 Structural characterization of Ir(PBD)2(Thenoyltrifluoro-

         acetylacetone):

The FTIR spectrum and NMR spectrum shown below (Figure 4.1 & 4.2) carried out by 

sample preparation by pellets containing Ir(PBD)2(Thenoyltrifluoroacetylacetone) power 

(0.1 wt %) dispersed in the KBr power. The spectrum shows the characteristics peak of 

aromatic ring stretching at 1484 cm-1 due to existence of biphenyl ring. The observed peak 

at 1006 cm-1 indicates the presence of C-F stretching. The important peak is observed at 

680 cm-1 for C-S stretching. The peak at 1314 cm-1 is the peak of C-N stretching. Peak at 

1074 cm-1 shows the C-O stretching. Aromatic C-H stretching is at 3086 cm-1. Presence of 

C-C is indicated by the peak at 1067 cm-1 in the observed spectrum. CHN (calculated: C% 

60.04, H% 4.14, N% 5.00; found: C% 59.68, H% 4.17, N% 4.87). The 1HNMR chemical 

shifts in complex 2 are found to be as follows: 8.209 (AH); 8.170 (BH); 7.761(CH); 

7.655(DH); 7.508(EH); 7.472(FH); 7.416(GH); 1.255(JH) and in thiol 7.327(AH); 

7.116(BH). 
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Figure 4.1: FT-IR Spectrum of Ir(PBD)2(Thenoyltrifluoroacetylacetone)



                (a)

(b)

Figure.4.2: 

(P
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.4.2: (a) NMR (b) resolved NMR spectra of

(PBD)2(Thenoyltrifluoroacetylacetone) in CDCl

`

spectra of        

in CDCl3
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4.1.2 Structural characterization of Ir(PBD)2(2,2,6,6- tetramethyl 3,

         5-heptadione):

The FTIR spectrum shown below (Figure 4.3) carried out by sample preparation by 

pellets containing Ir (PBD)2(2,2,6,6- tetramethyl 3,5-heptadione) power (0.1 wt%) 

dispersed in the KBr power. The spectrum shows the characteristics peak of aromatic ring 

stretching at 1610 cm-1 due to existence of biphenyl ring, the peak at 1315 cm-1 is the peak 

of C-N stretching. Peak at 107cm-1 shows the C-O stretching. Aromatic C-H stretching is 

at 3086 cm-1. Presence of C-C is indicated by the peak at 1067 cm-1 in the observed 

spectrum. CHN (calculated: C% 65.47, H% 5.69, N% 5.18; found: C% 65.82, H% 4.04, 

N% 4.49). The 1HNMR chemical shift in complex 4 are found to be 8.209 (AH); 

8.183(BH); 7.761(CH); 7.655(DH); 7.569(EH); 7.492(FH); 7.415(GH); 1.253(JH).(figure 

4.4).

Figure 4.3: FT-IR Spectrum of Ir (PBD) 2(2, 2, 6, 6- tetramethyl 3, 5-heptadione)



(a)

(b)

Figure.4.4 :(a) NMR (b) resolved NMR spectra of the Ir(PBD)

tetramethyl
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(a) NMR (b) resolved NMR spectra of the Ir(PBD)

tetramethyl3,5-heptadione) in CDCl3

(a) NMR (b) resolved NMR spectra of the Ir(PBD)2(2, 2, 6, 6
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4.2 Optical characterization 

UV-visible absorption spectra were recorded on a Shimadzu UV-2401 spectrophotometer. 

The excitation and emission spectra of a solution of Ir complexes (Horiba Jobin YVON 

Fluolog Model FL 3-11) at room temperature.

4.2.1Optical characterization of Ir(PBD)2(Thenoyltrifluoroacetylacetone)

The UV-Vis absorption and photoluminescence spectrum were obtained in a solution form 

with CH2Cl2 solvent of Ir(PBD)2(Thenoyltrifluoroacetylacetone) and are shown in (Figure 

4.5 & 4.6). The intense absorption at 370 nm can be easily assigned to the spin allowed  -

* transitions from primary ligand and relatively weaker absorption at 433 nm, ascribing 

to a spin allowed metal-to-ligand charge transfer (1MLCT) transition. In comparison to 

complex 4 it is hypsochromic shift. Beyond 433 nm the long tail extended to lower 

energies can be likely associated with both 3MLCT and 3-* transition. The peak of the 

PL spectrum of Ir(PBD)2(Thenoyltrifluoroacetylacetone) was observed at longer 

wavelength i.e 559 nm which shows the bathochromic shift.

Figure 4.5: Absorption spectra of Ir(PBD)2(Thenoyltrifluoroacetylacetone) complexes    

in CH2Cl2 solution
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Figure 4.6: PL spectra of Ir(PBD)2(Thenoyltrifluoroacetylacetone) in CH2Cl2 solution

4.2.2 Optical characterization of Ir(PBD)2(2,2,6,6-tetramethyl 3,5-

heptadione)

The UV-Vis absorption and photoluminescence spectrum were obtained in a solution 

form of Ir(PBD)2(2,2,6,6-tetramethyl 3,5-heptadione) and are shown in (Figure 4.7 & 

4.8). The intense absorption at 362 nm can be easily assigned to the spin allowed -* 

transitions from primary ligand and relatively weaker absorption at 441 nm, ascribing to a 

spin-allowed metal-to-ligand charge transfer (1MLCT) transition. In comparison to 

complex 2 it is bathochromic shift. Beyond 441 nm the long tail extended to lower 

energies can be likely associated with both 3MLCT and 3-* transition. The peak of the 

PL spectrum of Ir(PBD)2(2,2,6,6- tetramethyl 3,5-heptadione) was observed at lower 

wavelength i.e 549 nm which shows the hypsochromic shift.
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Figure 4.7: Absorption spectra of Ir(PBD)2(2,2,6,6- tetramethyl 3, 5-heptadione)

complexes in CH2Cl2 solution
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Figure 4.8: PL spectra of Ir(PBD)2(2,2,6,6-tetramethyl 3, 5-heptadione) in CH2Cl2

solution

4.3 Device characterization

The electroluminescent (EL) spectrum which is shown below was taken on a high-

resolution spectrometer (HR 2000 CG-UV-NIR ). The voltage-current characteristics are 

measured by using (Keithley 2400 ).

4.3.1Device characterization of Ir(PBD)2(Thenoyltrifluoroacetylacetone)

The electroluminescence spectra were captured at different applied voltages (Figure 4.9). 

It was observed that the electroluminescence spectrum is similar to photoluminescence, a 

spectrum which indicates that the EL and PL have the same origin. The EL intensity of the 

device increases with increase in voltage from 11 V to 12 V, and the peak position remain 

unchanged 559 nm.



48

Figure.4.9 : Electroluminescence spectra at different voltages

The current voltage (I-V) characteristic of the fabricated device was captured by applying 

voltage across the device with ITO as an anode and Aluminium as cathode (forward bias) 

as shown in (Figure 4.10). From the I-V characteristic it has been seen that the onset of 

light emission starts at about 9V. Above this voltage, the current rises non-linearly due to 

the space charge effects. Above the threshold voltage the device emits orange yellowish 

light. Below this voltage the I-V characteristics shows Ohmic current indicating the 

presence of thermally generated carrier.   



49

Figure.4.10: I-V characteristics of the device
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CHAPTER 5

CONCLUSION AND FUTURE SCOPE

5.1 Conclusion

Ir(PBD)2(Thenoyltrifluoroacetylacetone) and Ir(PBD)2(2,2,6,6- tetramethyl 3,5-

heptadione) as the novel electroluminescence materials for OLEDs application have been 

synthesized. The structural characterization of the metal complexes was done by UV-

visible absorption spectra, photoluminescence spectra, FT-IR and NMR spectroscopy. The 

solution of Ir(PBD)2(Thenoyltrifluoroacetylacetone) in CH2Cl2 shows intense absorption 

at 370 nm assigned to spin allowed -* transition from primary ligand and relatively 

weak absorption at 433 nm ascribing to spin allowed metal-to ligand charge transfer 

(1MLCT) transition. Beyond 433 nm the long tail extended to lower energies can be likely 

associated with both 3MLCT and 3-* transition. The photoluminescence peak is at 559

nm and that of Ir(PBD)2(2,2,6,6- tetramethyl 3,5-heptadione) shows intense absorption 

peak at 362 nm assigned to spin allowed -* transition from primary ligand and the 

weaker absorption at 441 nm ascribing to spin allowed metal-to-ligand charge transfer 

(1MLCT) transition. Beyond 441 nm the long tail extended to lower energies can be likely 

associated with both 3MLCT and 3-* transition. The photoluminescence peak is at 549

nm. The OLED device have been fabricated with the structure ITO/α-NPD(30 nm)/Iridium 

complexes(35 nm)/BCP(6 nm)/Alq3(28 nm)/LiF(1 nm)/Al, which shows the broad 

electroluminescence peak.

5.2 Future scope

The work presented in this thesis suggests some further investigations, which may be 

useful from technological and academic point of view. They are as follows.

1. Searching of some other oxadiazole derivatives having good electron 

affinities and to study their transport behaviour for better electron injection 

and charge transportation. Their optical behaviour also need to be studied.

2. Design some ancillary ligand, which can take charge easily from central  

metal atom (MLCT)
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