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       Abstract: This review article comprises of a short summary 

on the history of Organic Light Emitting Diode (OLED) and its 

importance in display technology. It describes the use of heavy-

metal [Pt(II), Ir(III), Os(II) etc.] organometallic complexes as 

dopants in the OLED fabrication. Special emphasis is given on 

cyclometalated Ir(III) complexes which are excellent phosphors 

with lifetime in microseconds at room temperature justifying 

their superiority over others.  
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I. INTRODUCTION 

The first ever widely used display technology was based on 

the cathode ray tube (CRT). It was the first workhorse of test 

and video display technology. The main components used in 

this technology are a negatively charged cathode, an electron 

gun, and a screen coated with a grid of phosphor dots. The 

electron gun shoots electrons down the tube and phosphors 

would glow when struck by such an electron beam. By the 

time this technology matured, brightness, resolution and 

contrast have been optimized and very good display properties 

could be extracted from such devices [1-3]. 

Just when the CRT era appeared to go on forever, a new 

technology, namely liquid crystal display (LCD) started to 

make its presence felt. The LCD platform uses a grid of liquid 

crystals. Three transistors are placed behind each such liquid 

crystal. A RGB (red-green-blue) spectrum is generated, the 

mix of which provides the full colour display [4-6]. The 

advantages of the LCD devices in terms of the compactness 

and slimness of the device along with a sharper color image 

allowed this technology to slowly displace those based on 

CRTs. However, in spite of their undeniable advantages, 

LCDs are not the perfect answer to display needs. LCD 

devices suffer from the disadvantages that since they are not 

self-illuminating they need backlighting which is an additional 

power drain. In addition, LCD devices suffer from viewing-

angle dependent distortions [7-9].  

Organic Light Emitting Diodes (OLEDs) are emerging as the 

primary challengers to LCDs and seem to have the potential to 

overcome the disadvantages of the latter [10,11]. OLEDs are 

being increasingly looked upon as the most viable candidates 

for realizing perfect flat panel displays. OLEDs offer many 

advantages over LCDs. They are self-luminescent, therefore 

they do not need the requirement of back lighting. The display 

devices can be thinner, lighter and need low operating voltage 

than LCDs. Finally, properly designed OLED devices can be 

quite robust, provide purer color and wider viewing angle. 

The growing need for better display devices is the main 

driving force in the area of OLEDs [12-14].  

 

II. PRINCIPLE OF ELECTROLUMINESCENCE 

OLED technology is based on the principle of 

electroluminescence, a phenomenon first discovered by Pope 

et al. in 1963 [15,16]. In the devices based on 

electroluminescence, holes and electrons are injected in the 

opposite sides of a planar multilayer thin film. These holes 

and electrons migrate through the thin film, to an interface 

(doped with emitter molecules) where they recombine to form 

radiative excited states called excitons that radiatively decay 

to produce luminescence from the device (Scheme 1). 

 

 

 

 

 

 

 

 

 

 

 

 

Depending on the nature of the emitter used OLEDs can be 

divided into two main categories viz., small  

molecule organic light emitting diodes (SMOLED) and 

polymer light emitting diodes (PLED). 

The first multilayer SMOLED device was fabricated by Tang 

and Vanslyke in the year 1987 where they  

Scheme 1. Schematic representation of the working principle of OLED. 
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used a fluorescent molecule Alq3 (Scheme 2) as the dopant
3
 

which emits green light (λmax=550 nm) with an external 

efficiency of ~1% [17].  

 

 

 

 

 

 

 

 

 

 

 

 

Subsequently, Friend and coworkers in the year 1990 

developed a PLED, where an emissive conjugated polymer 

PPV (Scheme 3) was deposited by an inkjet printing 

technique.
4
 PPV emits in the green-yellow region with an 

external efficiency 0.05% [18-20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electrically generated exciton formed by electron-hole 

recombination can be either a singlet or a triplet with the 

singlet to triplet ratio being 1:3 as determined by theoretical 

predictions and experimental measurements. Organic 

molecules that emit light do so from singlet excited states, 

emission in such systems is then a spin-allowed process called 

fluorescence. Fluorescent materials used to fabricate OLEDs 

do not give detectable triplet emission (phosphorescence). 

Also, in such systems intersystem-crossing (ISC) between the 

triplet and singlet manifold is quite inefficient at room 

temperature. Thus, the maximum internal quantum efficiency 

for OLEDs based on fluorescence is limited to only 25%. By 

doping OLEDs with heavy metal phosphors, singlet-triplet 

limitation can be eliminated. The excitons are trapped at the 

phosphor where strong spin-orbit coupling induced by a heavy 

metal ion leads to singlet–triplet state mixing leading to an 

efficient phosphorescent emission at room temperature. Thus, 

by introducing a heavy metal ion it is possible to harvest both 

the singlet as well as triplet excitons. This is the principle 

behind the use of organometallic complexes as 

phosphorescent dopants. 

 

III. INTRODUCTION TO PHOSPHORESCENT Ir 

(III) COMPLEXES 

 

Organometallic complexes containing 4d and 5d transition 

metal ions serve as good candidates as phosphorescent 

dopants. The reason for this is the presence of strong spin-

orbit coupling in such metal ions which leads to the mixing of 

singlet and triplet states, outriding the spin forbidden nature of 

radiative relaxation, resulting in high phosphorescence 

efficiencies [21-23].
 

Several studies are known in the literature that have focused 

on the design and the application of organometallic molecules 

which possess significant spin-orbit coupling. Square planar 

complexes of Pt(II),
5-6

 Pd(II)
7-8

 as well as octahedral 

complexes containing Ru(II),
9-10

 Ir(III),
11-12

 Os(II)
13

 and 

Rh(III)
14

 are the leading examples of such molecules as they 

exhibit highly efficient room temperature phosphorescence. 

Particularly, complexes containing Pt(II) and Ir(III) serve as 

efficient phosphorescent emitters. But, the main drawback of 

platinum complexes is that they have long phosphorescence 

lifetime which results in severe triplet-triplet annihilation at 

high current which eventually reduces the device efficiency 

[24,25]. 

Among all of these compounds, the most attractive choice 

appears to be organometallic complexes containing Ir(III) with 

a d
6
 configuration. This is due to the presence of a very strong 

spin-orbit coupling present in such complexes. 

Organometallic Ir(III) complexes seem to be potential 

candidates for diverse applications in OLEDs,
15

 LECs (Light-

emitting electrochemical cells),
16

 luminescent biological 

labels,
17

 singlet oxygen sensitizers
18

 etc. 

 

IV. SYNTHESIS AND STRUCTURE OF 

PHOSPHORESCENT Ir(III) COMPLEXES 

The general structure of such cyclometalated Ir(III) complexes 

includes one core Ir atom with at least two anionic bidentate 

cyclometalating ligands (such as 2-phenylpyridine (ppy)). The 

bidentate ligand binds to the central metal ion through a C and 

a N atom. The remaining two coordination sites of Ir can be 

occupied by many ancillary ligands. If the ancillary ligand(s) 

and the cyclometalating ligand are the same then such 

complexes are homoleptic and if they are different then the 

complex is termed as heteroleptic. King et al. reported the tris-

cyclometalated iridium  

 

Scheme 3. Device structure and molecular structure of 

dopants in the first PLED. 

Scheme 2. Device structure and molecular structure of 

dopants in the first SMOLED. 
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complex, fac-Ir(ppy)3 in a low yield (~10%) as a byproduct in 

1985 (Scheme 4). Subsequently, in 1999 Baldo et al. 

successfully developed an efficient green phosphorescent 

OLED using the fac-Ir(ppy)3 with the external efficiency (ex) 

8%. 

The general synthesis of Ir(III) complexes involves a two-step 

procedure. The first step involves the now famous Nonoyama 

reaction where cyclometalating ligands are reacted with 

IrCl3∙nH2O to give a chloro-bridged dinuclear Ir(III) complex 

[{(C^N)2Ir}2(-Cl)2] where C^N is the cyclometalating 

ligand.
18

 The second step consists of bridge-splitting followed 

by substituting the chloride ligands by the ancillary ligand 

affording the final product (Scheme 5).
 

2-Phenylpyridine (ppy) is the most frequently used 

cyclometalating ligand. Other typical cyclometalating ligands 

(C^N) used are 2-phenylpyridine (ppy), 2-(p-tolyl)pyridine 

(tpy), 2-(4,6-difluorophenyl)pyridine (dfppy), 1-

phenylpyrazole (ppz) and 2-(4,6-difluorophenyl)pyrazole 

(dfppz)] etc. 

The ancillary ligand can be either a cyclometalating ligand 

(homoleptic) or a different kind (heteroleptic). The ancillary 

ligand can be generally chelating or non-chelating. Ligands 

such as acetylacetonates, pyrazoles, picolinates, triazolates 

and tetrazolates etc. have been extensively used ancillary 

ligands.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5. The Nonoyama procedure for the preparation of the dinuclear chloride-bridged compound, 

[{(C^N)2Ir}2(-Cl)2] and subsequent bridge-splitting reaction with LX.  

Scheme 4. First example of a Ir(III) cyclometalated 

phosphor used in OLEDs. 
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V. COLOR TUNING OF THE CYCLOMETALATED 

Ir(III) COMPLEXES 

The most attractive feature of the cylometalated Ir(III) 

complexes is that their emission color can be tuned over the 

whole visible spectrum
20 - 22 

allowing their use for the 

construction of white light
23

 or near-infrared emitters.
24

  

This colour-tuning is possible by a meticulous selection of the 

cylometalating as well as the ancillary ligand. For example, 

Thompson et al. used a series of cylometalating ligands 

(Scheme 6) and ancillary ligand (acac) to vary the colour of 

the complexes from green to yellow to red.
25

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Absorption and emission spectra of these compounds are 

shown in (Scheme 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
VI. CONCLUSION 

 

This article describes the synthesis, structures and 

photophysical properties of cyclometalated Ir(III) 

complexes. The potential applications of these compounds 

as dopants in OLEDs and LEECs are discussed. Though 

most luminophores are mononuclear heteroleptic (both 

neutral and cationic) complexes, di- and multinuclear 

complexes are proving to be superior alternatives. The 

ability to easily tune the luminescence spectra of 

organometallic complexes makes them attractive candidates 

for OLED materials. 
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