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Abstract: Three new heteroleptic Ir(III) complexes o-LIrpic, m-LIrpic, and p-LIrpic 

(L=CF3DPQ) consisting of 2,4-diphenylquinoline (DPQ) with a -CF3 group at ortho (o)/ meta 

(m)/ para (p) positions of the metalated phenyl ring, respectively, as the main ligands were 

synthesized and used as emitters in phosphorescent organic light-emitting diodes (PhOLEDs). 

We realized that -CF3 position extremely affects the crucial photophysical and electronic 

properties such as emission color, photoluminescence quantum yield (PLQY) and energy levels 

of these Ir(III) complexes resulting in -CF3 position-dependent performance of their PhOLEDs. 

To verify the effect of -CF3 group position on device performance, three other Ir(III) complexes 

o-LIrtmd, m-LIrtmd, and p-LIrtmd were synthesized using the same main ligands but 

different ancillary ligand. In the two series of Ir(III) complexes, the devices with m-CF3 based 

complexes are outstanding in performance compared to o- or p-CF3 based ones due to the 

enhanced PLQY and well suppressed non-radiative deactivations by m- substitution. Finally, the 

single emission layer solution-processed orange and two-component white PhOLEDs fabricated 

using m-LIrpic as orange emitter achieved the maximum external quantum efficiency of 17.1% 

(43.9 cdA
-1

) and 21.1% (48.8 cdA
-1

), respectively, with highly stable color coordinates and low 

efficiency roll-off. This is the highest efficiency reported to date for solution-processed orange 

PhOLEDs using small molecular host with easily accessible emitter. 
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1. Introduction 

Highly efficient orange phosphorescent heavy-metal complexes are indispensable for the 

fabrication of monochromatic displays and two-component or full color white organic light-

emitting diodes (WOLEDs).
1
 Among the heavy-metal complexes, iridium(III) complexes are 

considered as the most promising phosphors in OLEDs mainly due to their high spin-orbit 

coupling (SOC) and the ease of functionalization of cyclometalating (C^N) ligands to control the 

emission colors.
2
 In recent years, orange phosphorescent OLEDs (PhOLEDs) using Ir(III) 

complex emitters have achieved high external quantum efficiency (EQE) of about 28% in vapor 

deposition process.
3
 Conversely, the solution-process is most preferred method due to its low 

processing cost and large scale application for practical utility.
4
 But the availability of highly 

soluble orange Ir(III) complex emitters with easy synthetic routes are scarce and also the 

efficiencies of their solution-processed PhOLEDs are laid far behind those of the vacuum-

deposited ones to date.
5
 Until now, the highest EQE reported for solution-processed orange 

PhOLEDs with Ir(III) complex [Ir(Flpy-CF3)3] emitter was 17.6% with Commission 

Internationale de L’Eclairage (CIE) coordinates (0.531, 0.466).
5b

 However, here a dendrimeric 

host was used which restricts the usage of higher generation dendrimers due to their voltage 

dependent-poor carrier mobilities. Also the synthesis of the C^N ligand was achieved by multi-

steps which limits its application in large scale.
6
  

2,4-Diphenylquinoline (DPQ)-based C^N ligands are exhibited as promising candidates for 

developing efficient orange/orange-red Ir(III) complexes for solution-processed PhOLEDs due to 

their elevated electron-affinities, ease of synthesis and high solubility without the need of any 
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alkyl chains.
7
 Based on this, recently we demonstrated a series of solution-processable Ir(III) 

complexes with different C^N ligands containing of phenylquinoline moiety.
7a

 Amongst, the 

orange PhOLEDs with emitter (DPQ)2Ir(pic-N-O) showed maximum EQE of 14.2% in a ternary 

host system compared to the other (perfluorinatedphenyl-, fluorenyl-, and carbazoyl-

phenylquinoline ligand based) Ir(III) complexes owing to its relatively high photoluminescence 

quantum yield (PLQY), which illustrates the advantage of DPQ ligand over the other C^N 

ligands in designing efficient phosphors. On the other hand, the energy levels of the emissive 

states (
3
MLCT and/or 

3
LC) of the Ir(III) complexes can be effectively modified to obtain wide-

ranging emission colors and PLQYs by the substituent effects such as electron withdrawing or 

electron donating on C^N ligands and also by the substituent position effects.
2c,7h

 As far as we 

know, fine-tuning of PLQY and photophysical/electronic properties and hence the PhOLED 

performance of the Ir(III) complexes by a simple control of the substituent position on C^N 

ligand has not been much investigated. 

With the aim to develop novel orange Ir(III) complexes that are easy to access synthetically, 

possesses high PLQY and good solubility for realization of highly efficient solution-processed 

PhOLEDs in practical applications, we selected DPQ as C^N ligand driven by its flexible color 

tunabilitiy. In this paper, we introduced trifluoromethyl (-CF3) group at ortho (o)/ meta (m)/ para 

(p) positions (Fig. 1) of the metalated phenyl ring of DPQ and synthesized Ir(III)
 
complexes with 

two different ancillary ligands in order to validate the effect of -CF3 position on the electronic 

structure of the Ir(III) complexes and consequently on performance of PhOLEDs. We realized 

that the location of -CF3 is very important in attaining high device performance. In particular, the 

orange PhOLED fabricated with solution-processed emission layer using the m-CF3 linked Ir(III) 

complex, m-LIrpic, as dopant achieved the maximum EQE of 17.1% with CIE coordinates 
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(0.528, 0.469), this is the highest EQE among the solution-processed orange PhOLEDs using 

small molecular host system (see Table S1, summary of the reported device performances) and 

also this result is similar to the highest efficiency reported using dendrimeric host.
5b

 

Furthermore, the two-component white PhOLEDs fabricated with m-LIrpic as orange 

component demonstrated maximum EQE of 21.1%. The detailed approach and the results are 

discussed hereafter.  

2. Results and discussion 

2.1 Synthesis and Characterization  

The -CF3 functionalized C^N ligands o-L, m-L, and p-L (L=CF3DPQ) based on DPQ skeleton 

were prepared in single step by the acid-catalyzed Friedlander condensation reaction
7d

 of two 

commercially available starting materials. The new Ir(III) complexes o-LIrpic, m-LIrpic, p-

LIrpic and o-LIrtmd, m-LIrtmd, p-LIrtmd were prepared readily following the syntheses of 

the intermediate dichloro-bridged dimers and the reaction of the corresponding dimer with 

ancillary ligands picolinate (pic) or 2,2,6,6-tetramethylheptane-3,5,-diketonate (tmd) in presence 

of Na2CO3 base (Scheme S1). All the Ir(III) complexes have been characterized by 
1
H, 

13
C 

NMR, and high resolution mass spectroscopy [Fig. S1-S2 in Supporting Information (SI)]. The 

new Ir(III) complexes have good solubility in common organic solvents such as chloroform 

(CHCl3), tetrahydrofuran, and chlorobenzene (CB).  

2.2 Thermal and Photophysical Properties    

Thermal properties of the Ir(III) complexes were evaluated using thermogravimetric analysis 

(TGA) under N2 atmosphere with a scanning rate of 10
o
C min

-1
. The TGA curves (Fig. S3a in 

SI) of all the Ir(III) complexes exhibited reasonable thermal stabilities with decomposition 

temperatures (Td), corresponding to 5% weight loss, over 300-370
o
C.    
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In order to examine the effect of -CF3 group position on ground and excited state properties of 

the Ir(III) complexes, UV–visible absorption (Fig. 2a & 2b) and the photoluminescence (PL) 

spectra (Fig. 2c & 2d) were measured in CHCl3 (10
−5

 M) at room temperature. The stronger 

absorption peaks between 265 and 350 nm mostly represent the ligand centered 
1
π-π* transitions. 

The weaker absorption peaks between 350 and 520 nm are known to be the admixed 
1
MLCT and 

3
MLCT/ 

3
LC transitions where the usually spin-forbidden transitions of the triplet states are 

allowed due to the strong SOC induced by the iridium metal.
8 

As shown in
 
Fig. 2a and 2b, the 

lower energy transition bands of m-LIrpic and m-LIrtmd are clearly blue shifted compared to 

the o- and p- analogs indicating the impact of -CF3 substitution position on the ground state 

properties of the Ir(III) complexes. 

Insets in Fig. 2c and 2d represent emission colors of the Ir(III) complexes after UV-

irradiation in CHCl3. All the Ir(III) complexes emit an intense orange/orange-red/red color upon 

photo-excitation. The structureless emission pattern of these Ir(III) complexes indicates 
3
MLCT 

character of the emissive excited state.
9
 The position of -CF3 on DPQ has marked changes in the 

emission wavelengths of both the series of Ir(III) complexes. The PL peaks are recorded at 602, 

565, 574 nm and 623, 593, 598 nm for o-LIrpic, m-LIrpic, p-LIrpic and o-LIrtmd, m-LIrtmd, 

p-LIrtmd, respectively. Similar to the lower energy bands in absorption spectra, the PLmax of m-

LIrpic is hypsochromic shifted around 37 nm and 9 nm compare to the o-LIrpic and p-LIrpic, 

respectively. The -CF3 group at m- location lowers the highest occupied molecular orbital 

(HOMO) level of m-LIrpic leading to blue shift in emission.
10,11 

The strong polarization effect 

and the large steric volume of the -CF3 substituent at o- position might be further reasons for 

variation in the electronic distribution of o-LIrpic when compared to p-LIrpic.
12

 Similar 
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tendencies in PL were also observed for o-LIrtmd, m-LIrtmd, and p-LIrtmd demonstrating the 

influence of -CF3 group position on emission color tuning. 

As shown in Fig. S3b, the trends in film state emission spectra of all the Ir(III) complexes 

were comparable to those of measured in CHCl3 except that the former are red shifted about 12-

25 nm in case of o-LIrpic, m-LIrpic, p-LIrpic and 4-7 nm in o-LIrtmd, m-LIrtmd, p-LIrtmd. 

The well-known reason for less red shift in tmd based Ir(III) complexes is the bulky tBu groups 

which suppress the intermolecular interactions responsible for bathochromic shift in solid state 

emission.
13

 The PLQYs of o-LIrpic, m-LIrpic, p-LIrpic and o-LIrtmd, m-LIrtmd, p-LIrtmd 

are 0.27, 0.65, 0.57 and 0.18, 0.41, 0.37, respectively, measured in dichloromethane (CH2Cl2) at 

room temperature using rhodamine B (Φf = 0.68) as a standard. The transient PL analyses were 

carried out for estimating the emission lifetimes of the Ir(III) complexes in CH2Cl2 at room 

temperature and in 2-methyltetrahydrofuran (2-MeTHF) at 77 K (Fig. S4 and Table 1). The 

decay profiles of all the Ir(III) complexes are monoexponential with short emission lifetimes 

ranging from 2.0-2.5 µs for o-LIrpic, m-LIrpic, p-LIrpic and 1.6-2.0 µs for o-LIrtmd, m-

LIrtmd, p-LIrtmd in CH2Cl2 representing the phosphorescence as origin of the emission.
14

 In 

order to gain insight into the root cause for variation in PLQYs of the Ir(III) complexes, the 

relaxation dynamics such as radiative and non-radiative decay rate constants (Kr/Knr) were 

calculated from the obtained lifetimes. In accordance with the energy gap law,
15

 the m-CF3 based 

Ir(III) complexes exhibited relatively lower Knr and higher PLQYs compared to the o- or p-CF3 

based Ir(III) complexes for both the series demonstrating the substituent position effect on the 

emissive properties of the Ir(III)
 
complexes. 

2.3 Electrochemical & Theoretical Calculations 

Page 7 of 29 Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t



Cyclic voltammetry (CV) measurements were carried out to study the -CF3 group position effect 

on the redox properties and subsequently on the frontier orbitals of the six Ir(III)
 
complexes. As 

depicted in Fig. S5, the oxidation potentials of m-CF3 complexes are positive-shifted in 

comparison with o- and p-CF3 analogs. As a result, the HOMO levels of m- based Ir(III) 

complexes are noticeably stabilized (see Table 1) causing the enhancement in band gaps. The 

CV characteristics of all the Ir(III) complexes are in good agreement with the photophysical 

properties. Hence, it is worth noting that a change in the location of -CF3 does affect the redox 

properties of these Ir(III) complexes. In order to gain insight into the structure–property 

relationships, density functional theory (DFT) calculations for all the Ir(III) complexes were 

carried out and the optimized HOMOs and LUMOs of these Ir(III) complexes were shown in 

Fig. S6. Throughout the six Ir(III) complexes, the delocalization of HOMOs were mostly 

distributed over the Ir(III) metal center and the metalated phenyl ring of DPQ, whereas the 

LUMOs are mostly located on quinoline and partly on both the phenyl rings of the C^N ligands.  

2.4 Electroluminescent properties of PhOLEDs 

With the aim to elucidate the -CF3 group position effect on EL properties of the new Ir(III) 

complexes, monochromatic PhOLEDs were fabricated using the following optimized device 

configuration: ITO/PEDOT:PSS (40 nm)/TAPC:DCzPPy:emitter (10 wt%, 40 nm)/TmPyPB (50 

nm)/LiF (1 nm)/Al (100 nm), where TAPC is 1,1-bis(4-methylphenyl)-aminophenyl-

cyclohexane, DCzPPy is 2,6-bis(3-(carbazol-9-yl)phenyl)pyridine, and TmPyPB is 1,3,5-tris(m-

pyrid-3-ylphenyl)benzene. In all the devices, TAPC:DCzPPy acts a mixed host, PEDOT:PSS 

serves as hole injection layer (HIL),  TmPyPB as electron transport layer (ETL), indium-tin 

oxide (ITO) as anode and LiF/Al as the electron injection layer and cathode. Device structure 

and the energy levels of the materials involved in the fabrication of monochromatic PhOLEDs 
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are given in Fig. 3a. Confinement of the excitons in emitting layer (EML) is expected since the 

triplet energy (T1)
16

 of TAPC (T1=2.87 eV) and DCzPPy (T1=2.71 eV) are higher than all the 

Ir(III)
 
complexes (T1 ~ 2.08-2.21 eV, see Fig. S7a). TAPC is a unipolar (hole transporting) and 

DCzPPy a bipolar (more electron transporting, less hole transporting) materials. Therefore, the 

molar ratio of TAPC:DCzPPy was optimized to 4:6, respectively, for better charge balance. EML 

was spin coated using CB solvent and ETL, LiF and Al were vacuum deposited on top of it. The 

PL spectra of neat TAPC, DCzPPy, and TAPC:DCzPPy films are given in Fig. S7b. As 

demonstrated in Fig. 3b and 3c, the deep overlap of the emission spectrum of TAPC:DCzPPy 

with the MLCT absorption region of all Ir(III) complexes ensures an efficient energy transfer 

from the mixed host to the Ir(III) complexes.
17

  

The surface morphology for thin films of the mixed host (TAPC:DCzPPy) and 

TAPC:DCzPPy doped with 10 wt% Ir(III) complex were analyzed using atomic force 

microscopy (AFM). As shown in Fig. S8, the root-mean-square (RMS) surface roughness of the 

doped EML films were similar to the undoped TAPC:DCzPPy films and even better in case of 

m-LIrpic and m-LIrtmd doped films. The current density-voltage- luminance (J-V-L) and EQE-

luminance (η-L) of the PhOLEDs based on o-LIrpic, m-LIrpic, and p-LIrpic dopants are 

represented in Fig. 4a and 4b. The maximum luminance of the devices are 1592 cdm
-2

 for o-

LIrpic, 4062 cdm
-2

 for m-LIrpic, and 3710 cdm
-2

 for p-LIrpic. The highest EQE of 17.1% (43.9 

cdA
-1

, 23.0 lmW
-1

) was demonstrated by the PhOLED with m-LIrpic, while the p-LIrpic and o-

LIrpic showed 12.8% (30.1 cdA
-1

, 13.5 lmW
-1

) and 8.9% (13.2 cdA
-1

, 5.2 lmW
-1

), respectively. 

Furthermore, a low efficiency roll-off was recorded for m-LIrpic based device with an EQE of 

about 14.7% at 1000 cdm
-2

, i.e efficiency is retained up to 86%. The results of the 

monochromatic PhOLEDs are summarized in Table 2. The device architecture also has an 
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important role in the high performance of m-LIrpic along with its good photophysical 

properties. It could be explained by considering the HOMO levels of these Ir(III) complexes 

where a moderate barrier of 0.15 eV exists for hole transfer from the TAPC to the m-LIrpic, 

while the remaining complexes do not have any such barrier. It is well known that the electron 

mobility in organic materials is generally several orders of magnitude lower than the hole 

mobility.
18

 From this, we strongly believe that the moderate hole barrier of m-LIrpic [0.15 eV] 

balances the injection of holes in line with electrons, therefore, a high recombination of hole-

electron is anticipated. In addition, introduction of -CF3 at m- position highly suppressed the non-

radiative deactivations and improved the PLQY of the m-CF3 based complexes which resulted 

high efficiency in PhOLEDs. 
 

In order to validate the aforementioned effect of -CF3 group position on device 

performance, PhOLEDs with another series of emitters o-LIrtmd, m-LIrtmd, and p-LIrtmd 

contains tmd ancillary ligand were fabricated using the similar device configuration. Fig. 5a and 

5b represent the J-V-L and η-L plots of the PhOLEDs with these Ir(III) complexes. Though the 

device structure and the main ligands are same, the performance of o-LIrpic, m-LIrpic, and p-

LIrpic based devices are outstanding compared to the o-LIrtmd, m-LIrtmd, and p-LIrtmd 

based devices. It is beyond the scope of this paper to examine the exact reasons for the low 

performance of ‘tmd’ based PhOLEDs, however, it could be partly due to the low PLQY of these 

Ir(III)
 
complexes. Interestingly, the trends in efficiency of o-LIrtmd, m-LIrtmd, and p-LIrtmd 

based devices follow the structure–property relationships similar to the o-LIrpic, m-LIrpic, and 

p-LIrpic. Accordingly, the PhOLEDs with m-LIrtmd show superior EQE of 6.4% (11.3 cdA
-1

, 

5.5 lmW
-1

) than p-LIrtmd with 5.0% (7.5 cdA
-1

, 3.4 lmW
-1

) and o-LIrtmd with 3.7% (3.0 cdA
-
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1
, 1.2 lmW

-1
). In this scenario, it is worth stating that a subtle change in the substituent (-CF3) 

position on DPQ has profound impact on the PhOLED device performance.  

EL spectra of the six PhOLEDs at 30 mAcm
-2

 are shown in Fig. S9. Though the 

bandwidths are broadened in EL spectra, but the ELmax are comparable to their PLmax. These 

variations in the spectral bandwidth of EL compared with PL are expected to be caused by the 

difference in the excitation process of the Ir(III) complexes.
19

 The absence of any residual 

emission from TAPC:DCzPPy in EL spectra of the devices imply an effective energy transfer 

from the mixed host to the Ir(III) complexes. The CIE coordinates of the monochromatic 

PhOLEDs are represented in Fig. 6 and those are (0.624, 0.375), (0.535, 0.461), (0.566, 0.432) 

for o-LIrpic, m-LIrpic, p-LIrpic and (0.664, 0.334), (0.596, 0.403), (0.622, 0.377) for o-

LIrtmd, m-LIrtmd, p-LIrtmd, respectively at 30 mAcm
-2

. The confinement of the 

recombination zone to the EML and the charge balance in the mixed host system are well 

indicated by the stable CIE coordinates of the PhOLEDs where the shift is just (0.001, 0.001) 

with increasing luminance as shown in Fig. S10.
20

 From the above data, it is interesting that the 

PhOLEDs with m-LIrpic and p-LIrpic show orange color, m-LIrtmd shows orange-red, o-

LIrpic and p-LIrtmd show red color, and o-LIrtmd shows deep-red color.   

From the high performance of m-LIrpic based orange and [(dfpmpy)2Ir(EO2-pic)] based 

blue PhOLEDs,
21

 it is likely to attain high efficiency in solution-processed white OLEDs using 

these materials as two-component emitters. Therefore, we fabricated white PhOLEDs with single 

EML using ternary host system consisting of poly(vinylcarbazole) (PVK)/N,N-dicarbazolyl-3,5-

benzene (mCP)/2,2′-(1,3-phenylene)bis[5-(4-tert-butylphenyl)-1,3,4-oxadiazole (OXD-7) with 

the configuration (see Fig. S11): ITO/PEDOT:PSS-4083 (40 nm)/PVK:mCP:OXD-7 

(37.5:37.5:25) (85 wt%):blue:orange (x:y) (15 wt%) (50 nm)/1,3,5-tri(1-phenyl-1H-
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benzo[d]imidazol-2-yl)phenyl (TPBi) (30 nm)/LiF (1  nm)/Al (100 nm), where the doping ratios 

of blue:orange were systematically optimized to 17:0.01 (device W1) and 17:0.015 (device W2). 

W1 demonstrated a maximum EQE of 21.1% at 2000 cdm
-2

 with a peak luminance of 12992 

cdm
-2

, also, it exhibited low roll-off in efficiency with EQE 17.3% at 3000 cdm
-2

 (Fig. 7). Very 

importantly, the color coordinates of W1 are highly stable with ∆CIEx,y (0.007, 0.009), which is 

nearly independent of the driving voltage as shown in Fig. 8. All the data of white PhOLEDs are 

summarized in Table 3, Fig. 7 and S12. Exchange of the HIL from PEDOT:PSS-4083 to the low 

conductivity PEDOT:PSS-8000 might have a great potential for further enhancement of device 

performance due to the improved charge balance.
5b,22

 In conclusion, to the best of our 

knowledge, high EQE with very low roll-off up to 3000 cdm
-2

 simultaneously ultra-high color 

stability in a single EML white PhOLEDs fabricated by solution-process are seldom 

reported.
23,5b

 Finally, it is worth stating that both the orange and white PhOLEDs fabricated with 

the orange phosphor m-LIrpic exhibited an excellent device performance in two separate host 

systems credited to the good phophysical properties and solution processability of the new 

orange emitter.  

3. Conclusion 

In this work, we introduced -CF3 group at three different positions (o- /m- /p-) on 2,4-

diphenylquinoline (DPQ) cyclometalating ligand and synthesized two series of highly soluble 

new heteroleptic Ir(III) complexes o-LIrpic, m-LIrpic, p-LIrpic and o-LIrtmd, m-LIrtmd, p-

LIrtmd for usage in solution-processed PhOLEDs. We observed that introduction of -CF3 into 

m- position highly diminished the non-radiative relaxations and improved the PLQY of the m-

CF3 based Ir(III) complexes and also tuned the emission color from red to orange. As a result, 

the performance of monochromatic PhOLEDs with both the series of Ir(III) complexes follows 
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the order: m > p > o. Particularly, the orange PhOLED fabricated with solution-processed 

emission layer using m-LIrpic as dopant in a simple mixed host achieved the maximum 

efficiency of 17.1% with low efficiency roll-off and almost constant CIE coordinates (0.528, 

0.469). Furthermore, the two-component white PhOLEDs using m-LIrpic as orange emitter 

showed a peak EQE of 21.1% with strikingly low efficiency roll-off with 17.3% at 3000 cdm
-2

 

and highly stable color with ∆CIEx,y (0.007, 0.009). The overall results of these orange and 

white PhOLEDs are among the best ones in solution-processed devices. These findings 

demonstrate a simple approach in fine-tuning the emissive properties of the Ir(III) complexes in 

order to obtain highly efficient PhOLEDs for practical application of solution-process.  
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Fig. 1 Structures of the Ir(III) complexes and representation of substituent position. 
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Fig. 2 (a, b) UV-visible absorption spectra; (c, d) PL spectra of the Ir(III) complexes in CHCl3 

solution [Insets are photographs of emission color upon UV-irradiation]. 
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Fig. 3 (a) Device structure of monochromatic PhOLEDs; (b, c) Representation of energy transfer 

from the host to dopants (PL spectrum of TAPC:DCzPPy and absorption spectra of Ir(III) 

complexes in film state). 
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Fig. 4 (a) Current density−voltage−luminance (J−V−L); (b) EQE-luminance (η-L) characteristics 

of monochromatic PhOLEDs with o-LIrpic, m-LIrpic, and p-LIrpic. 
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Fig. 5 (a) Current density−voltage−luminance (J−V−L); (b) EQE-luminance (η-L) characteristics 

of monochromatic PhOLEDs with o-LIrtmd, m-LIrtmd, and p-LIrtmd. 
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Fig. 6 1931 Commission Internationale de L’Eclairage (CIE) coordinates of the monochromatic 

PhOLEDs at 30 mAcm
-2

. 
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Fig. 7 EQE-luminance (η-L) characteristics of white PhOLEDs. 
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Fig. 8 EL spectra of white PhOLED at different driving voltages.
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Table 1 Thermal, photophysical, and electrochemical properties of the Ir(III) complexes. 

 

 

 

 

 

 

 

 

 a 
Measured in CHCl3 solution at room temperature (1x10

-5
M). 

b 
Rhodamine B (ϕpl = 0.68) in 94%  

ethanol is used  as reference. 
c 
Measured in CH2Cl2 at room temperature.

 d 
Excited state lifetimes.  

e 
Optical band gaps. 

f 
Calculated from CV. 

g 
Deduced from HOMO and Eg.  

 

 

 

   Ir(III) 

Complex 

Td  

[°C] 

λem 
a
 

[nm] 

PLQY 
b,c

    Kr 
c
 

[10
5
s

-1
] 

  Knr 
c
 

[10
5
s

-1
] 

   τ 
c,d 

 

  [µs] 

  Eg
 e

 

 [eV] 

 HOMO
 f
   

/LUMO 
g 
[eV] 

o-LIrpic 302 602 0.27 1.23 3.32    2.2 2.09 -5.50/-3.41 

m-LIrpic  362 565 0.65 2.60 1.40    2.5 2.35 -5.65/-3.30 

p-LIrpic 370 574 0.57 2.85 2.15    2.0 2.17 -5.53/- 3.36 

o-LIrtmd 364 623 0.18 1.13 5.13    1.6 1.88 -5.28/- 3.40 

m-LIrtmd 349 593 0.41 2.05 2.95    2.0 2.17 -5.41/- 3.24 

p-LIrtmd 335 598 0.37 1.95 3.32    1.9 2.06 -5.33/- 3.27 
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Table 2 EL characteristics of the monochromatic PhOLEDs with the new Ir(III) complexes   

 

 

 

a 
Values collected at a current density of 30 mAcm

-2
. 

 

 

 

 

 

 

 

    Dopant 

Maximum device performance                 at 1000 cdm
-2

  

    ELmax 
a
  

    [nm] 

 

    CIE
 a
 

    [x, y] 

EQE 

[%] 

PE 

[lmW
-1

] 

LE 

[cdA
-1

] 

EQE 

[%] 

PE 

[lmW
-1

] 

LE 

[cdA
-1

] 

o-LIrpic 8.9 5.2 13.2 5.2 2.4 7.8      602 (0.613, 0.383) 

m-LIrpic 17.1 23.0 43.9 14.8 16.5 38.0      572 (0.528, 0.469) 

p-LIrpic 12.8 13.5 30.1 9.9 9.3 23.1      580 (0.556, 0.441) 

o-LIrtmd 3.7 1.2 3.0 1.9 0.5 1.7      629 (0.663, 0.336) 

m-LIrtmd 6.4 5.5 11.3 5.8 4.4 10.3      597 (0.593, 0.405) 

p-LIrtmd 5.0 3.4 7.5 4.4 2.7 6.7      602 (0.622, 0.377) 
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Table 3 EL characteristics of two-component white PhOLEDs with (dfpmpy)2Ir(EO2-pic) [blue] and m-LIrpic [orange] 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 
Values collected at a current density of 30 mAcm

-2
. 

 

 

 

 

 

 

 

 
Dopant 
[B:O] 

Maximum device performance at 3000 cdm
-2

  
Lmax 

[cdm
-2

] 

 
CIE 

a
 

[x, y] EQE 
[%] 

PE 
[lmW

-1
] 

LE 
[cdA

-1
] 

EQE 
[%] 

PE 
[lmW

-1
] 

LE 
[cdA

-1
] 

17:0.01 (W1) 21.1 18.1 48.8 17.3 15.0 40.4 12992 (0.293, 
0.395) 

17:0.015(W2) 15.4 13.4 36.1 12.5 10.8 29.5 11990 (0.300, 
0.406) 
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The location of -CF3 group on 2,4-diphenylquinoline based Ir(III) complexes is found to be very important for attaining high 

performance in solution-processed phosphorescent OLEDs.  
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