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ABSTRACT: The preparation, photophysical properties, and applicability to the fabrication of organic light-emitting diodes (OLEDs) of 

new phosphorescent bis(tridentate) [5t + 4t’] iridium(III) molecules are described. Treatment of [Ir(μ-OMe)(4-COD)]2 (1; COD = 1,5-
cyclooctadiene) with 5-tert-butyl-1,3-bis(3-isopropylimidazolium)benzene diiodide ([iPrHImC6H3(5-tBu)HImiPr][I]2), in the presence of 
KI, leads to [IrI(μ-I){κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}]2 (2). This complex reacts with 2-(1H-imidazol-2-yl)-6-phenylpyridine (HNIm-
pyC6H5) and 2-(1H-benzimidazol-2-yl)-6-phenylpyridine (HNBzimpyC6H5), in the presence of Na2CO3, to afford the bis(tridentate) deriva-
tives Ir{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}{κ3-N,N,C-[NImpyC6H4]} (4) and Ir{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}{κ3-N,N,C-

[NBzimpyC6H4]} (5). Complexes 4 and 5 are phosphorescent emitters (em = 482−590 nm), which display observed lifetimes in the range 
1.2−11.7 μs. They show high quantum yields in both doped poly(methyl)methacrylate) films and in 2-methyltetrahydrofuran at room tem-

perature ( = 0.73−0.49). Complex 5 has demonstrated to be suitable to be used as a reasonably efficient phosphorescent greenish-yellow 

emitter for OLED devices with electroluminescence max of 552 nm and maximum external quantum efficiency (EQE) of 12%. 

INTRODUCTION 
Phosphorescent iridium(III) molecules are currently positioned 

at the forefront of the photochemistry by their applications in the 
completion of phosphorescent organic light-emitting diodes 
(PHOLEDs).1 Furthermore, their emissive properties can be gov-
erned combining different classes of ligands at the coordination 
sphere of the metal center.2 The focus is mainly centered on com-
pounds bearing three bidentate 3-electron donor ligands (3b) of 
two or three different types; i.e., molecules [3b + 3b + 3b’]3 or [3b 
+ 3b’ + 3b’’].4 However, they undergo two main issues: the exist-
ence of structural isomers with their own photophysical properties 
and a high tendency to afford mixtures of compounds resulting 
from ligand redistribution equilibria.4b A possible solution is to 
reduce the number of ligands at the metal coordination sphere 
increasing their denticity. In this context, the use of pincer ligands 
to form bis(tridentate) [5t + 4t’] complexes is of great interest.5 
Although, the application of these ligands could produce a reduc-
tion of the emission efficiency, as a consequence of structural dis-
tortions due to the rigidity of the pincer,6 the increase of the 
strength of the interaction metal-ligand should disfavor the thermal 
induced quenching.7 

The development of methods for the synthesis of iridium(III) 
molecular complexes with two tridentate ligands have received 
scarce attention, despite that the advancement of a scientific area 
based on chemical compounds is directly related to their accessibil-

ity. In 2004, Williams and co-workers discovered that 1,3-di(2-
pyridyl)-4,6-dimethylbenzene (dpyxH) reacts with IrCl3·3H2O in 
2-ethoxyethanol to give the iridium(III) dimer [IrCl(μ-
Cl)(dpyx)]2,8 which subsequently allowed the coordination of a 4t-
ligand to generate phosphorescent bis(tridentate) iridium(III) 
complexes (Scheme 1).9 In 2015, Chi, Chang, Chou, and co-
workers employed the same procedure to prepare emitters derived 
from related 5t-N,C,N-pincer ligands.10 

Scheme 1. Preparation of [5t + 4t’] Bis(tridentate) Iridium(III) 
Complex via [IrCl(μ-Cl)(dpyx)]2
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Pyridines are replaced by N-heterocyclic carbenes (NHCs) in 
order to reach emissions of higher energy.11 A noticeable M-NHC 
π-back-bonding is present in complexes of third-row electron-rich 



 

metals.12 The π-acceptor ability of the NHC group effectively low-
ers the highest occupied molecular orbital (HOMO). In addition, 
the stronger σ-donor capacity of the NHC ligand raises the energy 
of the lowest unoccupied molecular orbital (LUMO). As a result of 
all this, a wider band gap is generated. Furthermore, the strengthen-
ing of the bond prevents the formation of 3MC states, whereas 
decreases the kinetic lability of the dissociative processes avoiding 
degradation pathways.13 Unfortunately, the coordination of a NHC 
group to iridium is an issue much more complex than the coordina-
tion of a pyridine.14 As a consequence, the procedures to prepare 
NHC-analogous to the dimer shown in Scheme 1 are scarce and 
little developed. In 2008, Braunstein and co-workers reported that 

the treatment of the well-known compound [Ir(μ-Cl)(4-COD)]2 
(COD = 1,5-cyclooctadiene) with the corresponding imidazolium 
iodide salts, Et3N, and KI in acetonitrile leads to the dimers [IrI(μ-
I){κ3-C,C,C-[RImC6H3ImR]}]2 (R = tBu, iPr) in 30% yied.15 In 
parallel, Hollis’ group increased the yield of the tBu-dimer up to 
68%, using the same starting compounds and Zr(Me)4 as a 
transmetalation agent.16 In recent years, Chi, Chou, and co-workers 
have discovered interesting [5t + 4t’] emitters containing 1,3-
bis(imidazolylidene)phenyl groups as the 5t ligand, whereas the 4t’ 
component of the structure bears at least one functionalized pyra-
zolate group.17 Their synthesis involves one-pot procedures, which 
also afford low yields. Ligands 4t bearing a 2-pyridyl-pyrazolate 
moiety, and to a lesser extent triazolate and tetraazolate instead 
pyrazolate, are attracting great interest because of the σ-donor 
properties of the azolates, which combined with the π-acceptor 
ability of the pyridyl group, appear to give rise to a noticeable elec-
tron delocalization over the resulting five-membered heteromet-
alacycle.1f,18  

We have recently reported a [6tt + 3b] family of iridium(III) 
blue-green emitters, where the 6tt ligand is a dianionic C,C,C,C-
tetradentate group containing two aryl-NHC units. Their synthesis 
took place through the dimer [Ir(μ-I){κ4-C,C,C,C-
[C6H4Im(CH2)4ImC6H4]}]2, which was obtained from [Ir(μ-

OMe)(4-COD)]2 and 1,1’-diphenyl-3,3’-butylenediimidazolium 
diiodide (Scheme 2).19 The success in the preparation of this family 
of compounds, encouraged us to apply the same concept to the 
preparation of [5t + 4t’] iridium(III) emitters, bearing monoanion-
ic 5t and dianionic 4t’ ligands based on a 1,3-
bis(imidazolylidene)phenyl group and a pincer with a 2-pyridyl-
imidazolate or -benzimidazolate moiety, respectively. This paper 
describes the synthesis of a [IrI(μ-I)(5t)]2 dimer, which is an effi-
cient entry to the target emitters. Their photophysical properties, 
including the fabrication of an OLED device of one of them, are 
also reported. 

RESULTS AND DISCUSSION 
Synthesis of the [IrI(μ-I)(5t)]2 Dimer Containing a Tridentate 
Aryl-bis(NHC) Ligand. The methoxide ligand of compounds 

[M(μ-OMe)(4-COD)]2 (M = Rh, Ir) has proven to promote the 
direct metalation of imidazolium salts.20 In agreement with this, in 
the absence of any Brønsted base, the treatment of the iridium 

derivative [Ir(μ-OMe)(4-COD)]2 (1) with 2 mol of 5-tert-butyl-
1,3-bis(3-isopropylimidazolium)benzene diiodide 
([iPrHImC6H3(5-tBu)HImiPr][I]2) and 10 mol of KI, in 2- ethoxy-
ethanol, at 120 ºC, for 18 h leads to the dimer [IrI(μ-I){κ3- C,C,C-
[iPrImC6H2(5-tBu)ImiPr]}]2 (2) containing the bis(NHC) C,C,C-
pincer ligand, which was isolated in 47% yield as a brown solid  

(Scheme 3). 

Scheme 2. Preparation of [6tt + 3b] Iridium(III) Complexes via 
[Ir(μ-I){κ4-C,C,C,C-[C6H4Im(CH2)4ImC6H4]}]2
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Scheme 3. Preparation of Dimer 2 

 

Complex 2 is insoluble in acetone, ethers, alcohols, hydrocar-
bons, and chlorinated solvents. In acetonitrile, under reflux, the 
iodide bridges are broken and the resulting mononuclear fragments 
saturate the metal center by coordination of a solvent molecule to 
afford IrI2{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}(CH3CN) (3). 
This complex was isolated as a pale-green solid in 87% yield and 
characterized by X-ray diffraction analysis. The structure has three 
chemically equivalent, but crystallographically independent, mole-



 

cules in the asymmetric unit. Figure 1 shows one of them. The 5t 
C,C,C-ligand coordinates in the expected mer-fashion with imid-
azolylidene-iridium-imidazolylidene angles of 155.4(8)º, 
154.6(7)º, and 155.2(7)º (C1-Ir1-C17), the iodide ligands dis-
posed mutually trans (I1-Ir1-I2 = 174.17(5)º, 174.25(5)º, and 
176.38(5)º) and the acetonitrile molecule located trans to the 
central aryl group (N5-Ir1-C8 = 176.1(8)º, 175.7(8)º, and 
178.8(8)º). The iridium-imidazolylidene distances of 2.09(2), 
2.079(19), and 2.076(18) Å (Ir1-C1) and 2.05(2) Å (Ir1-C17), as 
well as the iridium-aryl bond lengths of 1.977(18), 1.95(2), and 
1.97(2) Å (Ir1-C8) compare well with those reported for iridium 
complexes containing related pincer ligands.14b,c,e-h,15,16,17 The meta-
lated carbon atoms give rise to singlets at 163.7 (C1 and C17) and 
130.4 (C8) ppm in the 13C{1H} NMR spectrum, in dichloro-
methane-d2, at room temperature. 
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Figure 1. Molecular diagram of complex 3 (50% probability ellipsoids). 
Hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and 
angles (deg) for the three independent molecules in the asymmetric 
unit: Ir1-C1 = 2.09(2), 2.079(19), 2.076(18), Ir1-C8 = 1.977(18), 
1.95(2), 1.97(2), Ir1-C17 = 2.05(2), 2.05(2), 2.05(2), Ir1-I1 = 
2.6640(15), 2.6761(15), 2.6848(14), Ir1-I2 = 2.6886(15), 
2.6697(15), 2.6785(15), Ir1-N5 = 2.107(17), 2.116(16), 2.121(17); 
C1-Ir1-C17 = 155.4(8), 154.6(7), 155.2(7), I1-Ir1-I2 = 174.17(5), 
174.25(5), 176.38(5), N5-Ir1-C8 = 176.1(8), 175.7(8), 178.8(8). 

Preparation of the [5t + 4t’] Emitters. Dimer 2 is certainly useful 
to prepare this class of emitters. The entry of the dianionic 4t’ 
N,N,C-pincer, containing the moieties 2-pyridyl-imidazolate or 2-
pyridyl-benzimidazolate, was performed using Na2CO3 as external 
base to promote the NH-deprotonation of the heterocycles and the 
heterolytic ortho-CH bond activation of a phenyl group, the sec-
ond substituent of the central pyridyl ring. Thus, the treatment of 2 
with 2 mol of 2-(1H-imidazol-2-yl)-6-phenylpyridine (HNIm-
pyC6H5), or 2 mol of 2-(1H-benzimidazol-2-yl)-6-phenylpyridine 
(HNBzimpyC6H5), and 5 mol of the base in 2-ethoxyethanol, at 
120 ºC, for 24 h affords Ir{κ3-C,C,C-[iPrImC6H2(5-
tBu)ImiPr]}{κ3-N,N,C-[NImpyC6H4]} (4), or Ir{κ3-C,C,C-
[iPrImC6H2(5-tBu)ImiPr]}{κ3-N,N,C-[NBzimpyC6H4]} (5), 
respectively. These compounds were isolated as orange solids in 
69% (4) and 54% (5) yield (Scheme 4). 

The formation of 4 and 5 was confirmed by means of the X-ray 
diffraction analysis of a single crystal of the former. Figure 2 shows 
a view of the structure. The coordination of both pincer ligands 
generates a distorted octahedron with imidazolylidene-iridium-
imidazolylidene, imidazolate-iridium-aryl, and pyridine-iridium-
aryl(NHC) angles of 154.8(2) (C15-Ir-C31), 156.6(2) (C1-Ir-
N2), and 177.2(3)º (N1-Ir-C21), respectively. The iridium-aryl 

distances of 1.985(6) Å (Ir-C21) and 2.021(7) Å (Ir-C1) are 
slightly shorter than the iridium-imidazolylidene bond lengths of 
2.042(7) Å (Ir-C15) and 2.050(6) Å (Ir-C31) and all of them 
compare well with those of 3, whereas the iridium-imidazolate and 
iridium-pyridine distances of 2.125(6) Å (Ir-N2) and 2.068(5) Å 
(Ir-N1) are similar to those reported for bis(tridentate) iridi-
um(III) complexes containing the 2-pyridyl-pyrazolate unit.17,18 In 
the 13C{1H}NMR spectra of 4 and 5, in dichloromethane, at room 
temperature, the resonances corresponding to the metalated car-
bon atoms appear at about 164 (imidazolylidene) and between 143 
and 144 (Ph). 

Scheme 4. Preparation of the [5t + 4t’] Emitters 4 and 5 
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Figure 2. Molecular diagram of complex 4 (50% probability ellipsoids). 
Hydrogen atoms are omitted for clarity. Selected bond lengths (Å) and 
angles (deg): Ir–N1 = 2.068(5), Ir–N2 = 2.125(6), Ir–C1 = 2.021(7), 
Ir–C21 = 1.985(6), Ir–C15 = 2.042(7), Ir–C31 = 2.050(6), N1–Ir–
C21 = 177.2(3), C1–Ir–N2 = 156.6(2), C15–Ir–C31 = 154.8(2). 

Photophysical and Electrochemical Properties of 4 and 5. UV/vis 
absorption data of 2.0x10-5 2-methyltetrahydrofuran (MeTHF) 
solutions of 4 and 5, at room temperature, are collected in Table 1 
and Figures S11-S12. Like for other iridium [5t + 4t’]-complexes,8-

10,17,18 the spectra of both compounds show three different zones: 
<300, 300-430, and > 440 nm. Time dependent DFT calculations 
(B3LYP-GD3//SDD(f)/6-31G**), performed in tetrahydrofuran  



 

 

Table 1. Selected Experimental UV-Vis Absorptions for 4 and 5 (in MeTHF) and Computed TD-DFT (in THF) Vertical Excitation 
Energies and their Major Contributions 

complex 
λexp 
(nm) 

ε x 10-3 
(M-1·cm-1) 

excitation  
energy (nm) 

oscillator 
strength, f 

transition character  

4 274 34.8 269 0.1771 HOMO-6→ LUMO (61%) LLCT 

 306 40.5 305 0.2413 HOMO-3 → LUMO+1 (46%) MLCT/LLCT 

     HOMO-2 → LUMO+1 (25%)  

 326 35.1 325 0.1191 HOMO-3→ LUMO (84%) MLCT/LLCT 

 400 7.7 401 (S1) 0.056 HOMO → LUMO (90%) MLCT/LLCT 

 450 1.6 461 (T1) 0 HOMO → LUMO (33%) 3MLCT/3LC 

     HOMO → LUMO+1 (35%)  

5 298 19.1 290 0.0832 HOMO-5 → LUMO+1 (82%) LLCT 

 330 24.5 329 0.2958 HOMO-3→ LUMO (74%) MLCT/LLCT 

 360 15.8 355 0.2363 HOMO-2 → LUMO (90%) MLCT/LLCT 

 422 3.2 419 (S1) 0.0114 HOMO → LUMO (89%) MLCT/LLCT 

 450 1.5 470 (T1) 0 HOMO → LUMO (68%) 3MLCT/3LC 

     HOMO → LUMO+1 (15%)  

 

as solvent, suggest that the absorptions of the highest energy region 
correspond to 1π-π* intra- e interligand transitions (LLCT), where-
as the bands between 300 and 430 nm correspond to allowed spin 
metal-to-N,N,C-ligand charge transfer (1MLCT) mixed with 
C,C,C- to N,N,C- transitions. The very weak absorptions tails after 
440 nm are assigned to formally spin-forbidden 3MLCT transitions, 
caused by the large spin-orbit coupling introduced by the third row 
metal center, with some contribution from the 3π-π* transitions. 

Plots for the HOMO, LUMO, and LUMO+1 of 4 and 5 are de-
picted on Figure 3. Further plots for the molecular orbitals involved 
in the optical transitions and their composition are shown in Fig-
ures S13-S14 and Tables S5-S6. As can be seen in Figure 3, for both 
complexes, the HOMO is located on the iridium atom (23% (4) 
and 31% (5)) and the C,C,C (13% (4) and 17% (5)) and N,N,C 
(64% (4) and 51% (5)) ligands, while the LUMO and LUMO+1 
are mainly centered on the N,N,C ligand (95 and 97% (4) and 94 
and 98% (5)). The calculated S0 → S1 wavelengths of 401 nm for 
4 and 419 nm for 5 match with the observed onsets of the 
absorption bands depicted in Figures S11-S12, and are as-
signed to HOMO → LUMO (90% (4) and 89% (5)) transitions. 
Thus, the excited states can be described as being of mixed 
d(Ir)/π(C,C,C-ligand)/π(N,N,C-ligand) → π*(N,N,C-ligand) 
character; i.e., MLCT/LC/LLCT. 

The electrochemical behavior of complexes 4 and 5 was studied 
using cyclic voltammetry in degassed acetonitrile solutions and 
referenced versus Fc/Fc+. The results are summarized in Table 2. 
Both complexes showed a reversible oxidation process at 0.23 V, 
which could be assigned to metal centered Ir(III)/Ir(IV) redox 
couple, and irreversible reduction waves at -2.70 (4) and -2.60 V 
(5).21 The observed electrochemical gaps are in agreement with the 
calculated HOMO–LUMO ones (Table 2) and with those previ-
ously reported for other green emissive (vide infra) neutral iridi-
um(III) complexes.17b,18b,19 

Complexes 4 and 5 are green and yellowish green phosphores-
cent emitters upon photoexcitation, in a doped poly(methyl meth-
acrylate) (PMMA) film at 5 wt % at room temperature and in 
MeTHF at room temperature and at 77 K. Figure 4 shows the 

emission spectra, whereas Table 3 collects calculated and experi-
mental wavelengths, observed lifetimes, quantum yields, and radia-
tive and nonradiative rate constants. The spectra of 4 display vi-
bronic fine structures in agreement with a significant contribution 
of ligand-centered 3π-π* transitions to the excited state.10,11e,17a,b,18b,22  

LUMO+1 (-0.84 eV) 
Ir (2), CCC (1), NNC (97) 

LUMO+1 (-1.15 eV) 
Ir (1), CCC (0), NNC (98) 

LUMO (-1.09 eV) 
Ir (3), CCC (2), NNC (95) 

LUMO (-1.26 eV) 
Ir (4), CCC (2), NNC (94) 

  
HOMO (-4.93 eV) 

Ir (23), CCC (13), NNC (64) 
HOMO (-4.96 eV) 

Ir (31), CCC (17), NNC (51) 

4 5 

Figure 3. Frontier molecular orbitals for the ground state S0 of com-
plexes 4 and 5 in THF. The contributions (%) from the iridium and the 
C,C,C and N,N,C ligands are given in parenthesis.  



 

Table 2. Electrochemical and DFT MO Energy Data for Com-
plexes 4 and 5 

complex E1/2
oxa 

(V) 
Ereda 
(V) 

E1/2
ox – Ered 

(V) 
HOMOb 
(eV) 

LUMOb 
(eV) 

HLGb,c 

(eV) 

4 0.23 -2.70 2.93 -4.93 -1.09 3.84 

5 0.23 -2.60 2.83 -4.96 -1.26 3.70 

aMeasured in degassed acetonitrile solution (1 × 10-3 M)/[Bu4N]PF6 (0.1 M), 
vs Fc/Fc+ at 0.1 V·s-1, at room temperature. bValues from electronic structure 
DFT calculations. cHLG = LUMO – HOMO. 

At room temperature, the spectra of 5 show a very broad band, 
while a similar spectrum to that of 4 is observed in MeTHF at 77 K. 
The replacement of the imidazolate unit in the N,N,C- ligand by a 
benzimidazolate one produces a slight red shift of the emission 
wavelength in agreement with the smaller HOMO → LUMO 
energy gap in 5. The calculated S0 → T1 wavelengths of 461 nm 
for 4 and 470 nm for 5 are consistent with the corresponding onsets 
in the phosphorescence spectra, and are mainly assigned to 
HOMO →LUMO (33% (4) and 68% (5)) and HOMO → 
LUMO+1 (35% (4) and 15% (5)) transitions. Thus, the emissions 
can be attributed to T1 excited states described as being of mixed 
MLCT (19% (4) and 27% (5))/LC/LLCT character. According 
to this, the experimental emission wavelengths agree with those 
calculated by estimating the difference in energy between the opti-
mized triplet states T1 and the singlet states with the same geome-
try in THF. Figure 5 shows the spin density distribution calculated 
for the T1 states at their minimum energy geometries. The ob-
served lifetimes lay in the range 1.2–11.7 μs, whereas the quantum 
yields are between 0.73 and 0.49. In a dopped PMMA film at 5wt 
%, the quantum yield of 4 (0.73) is significantly higher than that of 
5 (0.49). Nevertheless in MeTHF solution, at room temperature, 
the quantum yields of both emitters are similar (about 0.60). The 
radiative and nonradiative rate constants are similar for the two 
compounds both in PMMA film and in solution. Dicarbene pincer 
iridium(III) complexes bearing a dianion derived from 6-pyrazolyl-
2-phenylpyridines show blue shifted emissions with regard to those 
of 4 and 5.17  

Electroluminiscence Properties of an OLED Device Based on 5. 
In order to evaluate this class of [5t + 4t’] complexes as emitters in 
OLEDs, we have compared an OLED device based on complex 5 
with another one based on the homoleptic tris(bidentate) fac-
Ir(ppy)3 (Hppy = 2-phenylpyridine),23 which is one of the most 
successful green-triplet emitters in the field of OLED display tech-
nology.2 The performance of the emitters has been tested in bot-
tom emission structure. The devices were fabricated by high vacu-
um (< 10-7 Torr) thermal evaporation. Under the same conditions, 
complex 4 decompose. Both complexes 4 and 5 were subjected to 
differential scanning calorimetry (DSC) and thermogravimetric 
analysis (TGA). The 5% weight loss temperature from TGA is 
similar between compound 4 (348 ºC) and 5 (353 ºC). However; 
the endothermic peak for compound 4 (375 ºC) is significantly 
lower than that of compound 5 (412 ºC) from DSC analysis; which 
might account for its decomposition upon sublimation. Both de-
vices were encapsulated with a glass lid sealed with an epoxy resin 
in a nitrogen filled glove box (< 1 ppm of H2O and O2) immediate-
ly after fabrication, and a moisture getter was incorporated inside 
the package. The schematic devices structure including the chemi-
cal structures of the devices materials and their relative energy 
levels are depicted in Figure 6. The devices consist in an anode 
electrode of indium tin oxide (ITO; 750 Å); a hole injection layer 
(HIL; 100 Å) of dipyrazino[2,3-f:2′,3′-h]-quinoxaline- 

 

Figure 4. Emission spectra of complexes 4 (blue line) and 5 (orange 
line) recorded in 5 wt % PMMA films at 298 K (a), in MeTHF at 
298 K (b), and in MeTHF at 77K (c). 

 

4 5 

Figure 5. DFT calculated spin density of 4 and 5 at 0.002 au contour 
level . 

2,3,6,7,10,11-hexacarbonitrile (HAT-CN); a hole transporting 
layer (HTL; 450 Å) of N,N′-bis(naphthalen-1-yl)-N,N′-
bis(phenyl)benzidine (NPD); an emissive layer (EML; 350 Å) 
containing 4-(3-(triphenylen-2-yl)phenyl)dibenzo[b,d]thiophene 
(H1) as a host doped with either 5 or the comparative complex 
Ir(ppy)3 as the emitter (10%); a hole blocking layer of H1 (HBL; 
50 Å), Alq3 as electron transporting layer (ETL; 450 Å); LiF as 
electron injection layer (EIL; 10 Å); and aluminum as cathode 
(1000 Å). As shown in Figure 6, the HOMO/LUMO levels of -
5.14/-2.15 eV for 5 and -5.11/-2.10 eV for Ir(ppy)3, obtained from 
the electrochemical data, are within the HOMO/LUMO energy 
levels of the host material. 

The performance data of the devices are collected in Table 4 and 
Figure 7. The electroluminescence spectrum (EL) of compound 5 
device shows a maximum at a wavelength of 552 nm which is con- 
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Table 3. Photophysical Data for Complexes 4 and 5  

complex 
calcd λem

a 
(nm) 

media (T, K) λem (nm) λexc (nm) τ (μs) ϕ kr
b (s-1) knr

b (s-1) kr/knr 

4  PMMA (298) 490, 525 (max), 560 (sh) 390 2.1 0.73 3.5 × 105 1.3 × 105 2.7 

 537 MeTHF (298) 496, 531 (max), 567 (sh) 397 1.2 0.60 5.0 × 105 3.3 × 105 1.5 

  MeTHF (77) 482, 520 (max), 550 (sh) 397 5.9     

5  PMMA (298) 590 364 4.1 0.49 1.2 × 105 1.2 × 105 1.0 

 528 MeTHF (298) 542 372 4.1 0.56 1.4 × 105 1.1 × 105 1.3 

  MeTHF (77) 506 (max), 543, 585 (sh) 371 11.7     

aPredicted from TD-DFT calculations in THF at 298 K by estimating the energy difference between the optimized T1 and singlet state with the same geometry . 
bCalculated according to the equations kr = ϕ/τ and knr = (1 − ϕ)/τ, where kr is the radiative rate constant, knr is the nonradiative rate constant, ϕ is the quantum 

yield, and τ is the excited-state observed lifetime 

Table 4. Summary of the Performances of the Devices Based on 5 and Ir(ppy)3 

  1931 CIE  at 1000 cd/m2 

emitter 
(10%) 

λmax 
(nm) 

fwhma 
(nm) 

CIE x CIE y 
max EQEb 
(%) 

voltage 
(V) 

EQE 
(%) 

LEc 
(cd/A) 

PEd 
(lm/W
) 

5 552 85 0.458 0.530 12.0 8.0 9.3 28.8 11.3 

Ir(ppy)3 518 68 0.304 0.6301 14.3 5.8 13.1 46.9 25.5 

aFull width at half-maximum of the emission peak in the electroluminescence spectrum. bExternal quantum efficiency. 
cLuminous efficacy. dPower efficacy. 

 

 

Figure 6. OLED scheme showing the energy levels of the materials (in 
eV) and chemical structures of the compounds used in the devices. 

sistent with the photoluminescence (PL) measurements. It is 34 
nm red shifted and 17 nm broader with regard to that of compara-
tive compound Ir(ppy)3 (Figure 7a). The overall performance of 
the device based on 5 is poorer than that of comparative device. 
Thus, the turn-on voltage of these devices is around 5 V (5) and 4 
V (Ir(ppy)3), whereas at 8.0 V (5) and 5.8 V (Ir(ppy)3) the lumi-
nance reaches 1000 cd/m2 (Figure 7c). At this brightness, external 
quantum efficiency (EQE) of 9.3% (5) versus 13.1% (Ir(ppy)3) is 
achieved (Table 4). This is consistent with the lower photolumi-
nescence quantum yield (ϕ) of complex 5 (0.49–0.56) versus 
Ir(ppy)3 (0.97).23 Complex 5 revealed a 12% maximum EQE com-
pared to 14.3% for Ir(ppy)3 (Figure 7d). Similarly, the luminous 
efficacy (LE; Figure 7e) and power efficacy (PE; Figure 7f) are also 
lower for the device containing 5 as emitter. Thus, at a luminance of 
1000 cd/m2 the device based on 5 showed LE of 28.8 cd/A and PE 
of 11.3 lm/W versus 46.9 cd/A and 25.5 lm/W for the comparative 
device. 

CONCLUDING REMARKS 
This study shows a straightforward procedure to prepare [IrI(μ-

I)(5t)]2 dimers, based on 1,3-bis(NHC)-phenyl pincer ligands 

(5t). Treatment of the methoxide dimer [Ir(μ-OMe)(4-COD)]2 
with the corresponding bis(imidazolium) salt in the presence of KI, 
and in the absence of any base, directly leads to the desired com-
pound. These dimers are certainly useful starting complexes to 
synthetize bis(tridentate) [5t + 4t’] derivatives, where the 4t’ pin-
cer ligand bears a 2-pyridyl-imidazolate, or 2-pyridyl-
benzimidazolate, moiety. The new [5t + 4t’] compounds are green 
and greenish yellow emitters upon photoexcitation in PMMA film 
and in MeTHF solution, with quantum yields between 0.73 and 
0.49. The new emitters prove to have applicability to the fabrica-
tion of OLED devices. Thus, the OLED with 5 as the emitter (λmax 
= 552 nm)  



 

 

 

 

Figure 7. Plots of (a) EL spectra, (b) J versus V, (c) L versus V, (d) EQE versus J, (e) LE vs L, and (f) PE versus L for the OLED devices 
based on complex 5 (red ■) and comparative derivative Ir(ppy)3 (blue ▲). 

 

revealed 12% max EQE, which is consistent with emitter’s photo-
luminescence quantum yield. 

In summary, a straightforward high yield synthetic route to pre-
pare phosphorescent [5t + 4t’] Ir(III) molecules with applicability 
to the fabrication of OLED devices is described. 

EXPERIMENTAL SECTION 
General Information. All the reactions were carried out under argon us-

ing dried solvents and Schlenk-tube techniques. Instrumental methods, X-
ray information, and DFT computational details are provided in the Sup-

porting Information. [Ir(μ-OMe)(4-COD)]2 (1),24 5-tert-butyl-1,3-bis(3-
isopropylimidazolium)benzene diiodide,17a 2-(1H-imidazol-2-yl)-6-
phenylpyridine,25 and 2-(1H-benzimidazol-2-yl)-6-phenylpyridine26 were 
prepared by previously published methods. In the NMR spectra, chemical 
shifts (expressed in parts per million) are referenced to residual solvent 
peaks and coupling constants (J) are given in hertz.  

 
Preparation of [IrI(μ-I){κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}]2 (2). A 

mixture of 1 (300 mg, 0.452 mmol), 5-tert-butyl-1,3-bis(3-
isopropylimidazolium)benzene diiodide (548.7 mg, 0.905 mmol), and KI 
(750 mg, 4.526 mmol) in 2-ethoxyethanol (23 mL) was heated at 120 ºC 
for 18h. After cooling to room temperature, the solvent was removed under 
vacuum and the resulting brown solid was washed with methanol (6 x 12 
mL) and diethyl ether (3 x 10 mL) and dried under vacuum. Yield: 340 mg 
(0.213 mmol, 47%). Anal. Calcd for C44H58I4Ir2N8: C, 33.22; H, 3.67; N, 
7.04. Found: C, 31.89; H, 3.53; N, 6.87. 

Preparation of IrI2{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}(CH3CN) (3). 
A suspension of 2 (100 mg, 0.063 mmol) in acetonitrile (20 mL) was 
refluxed overnight. The solvent was concentred and 15 mL of diethyl ether 
were added. The resulting pale-green solid was washed with diethyl ether 
(3 x 5 mL) and dried under vacuum. Yield: 91.3 mg (0.109 mmol, 86.8%). 
X-ray quality crystals were grown by slow evaporation of an acetonitrile 
solution of 3 at 277 K. Anal. Calcd for C24H32I2IrN5: C, 34.46; H, 3.86; N, 
8.37. Found: C, 34.19; H, 3.81; N, 8.50. HRMS (electrospray, m/z): Calcd 
for C22H29I2IrN4Na [M-CH3CN+Na]+: 819.0003; found 818.9981. 1H 
NMR (300 MHz, CD2Cl2, 298 K): 7.63 (d, 3JH-H = 2.1, 2H, CH Im), 7.18 
(d, 3JH-H = 2.1, 2H, CH Im), 7.18 (s, 2H, Ph), 5.12 (sept, 2H, 3JH-H = 6.8, 

CH iPr), 2.64 (s, 3H, CH3CN), 1.67 (d, 12H, 3JH-H = 6.8, CH3 iPr), 1.45 (s, 
9H, tBu). 13C{1H} NMR (100 MHz, CD2Cl2, 298 K): δ 163.7 (Ir-C, NCN 
Im), 147.1 (Cq, Ph), 145.8 (Cq, Ph), 130.4 (Ir-C, Ph; this signal is not 
observed in the 13C APT, but can be assigned based on the 1H−13C HMBC 
experiment), 116.5 (CH, Im), 115.9 (CH, Im), 105.0 (CH Ph), 52.1 (CH, 
iPr), 35.4 (Cq, tBu), 32.5 (CH3, tBu), 23.8 (CH3, iPr), 3.8 (CH3, CH3CN); 
the Cq of CH3CN could not be observed.  

Preparation of Ir{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}{κ3-N,N,C-
[NImpyC6H4]} (4). A mixture of 2 (150 mg, 0.094 mmol), 2-(1H-
imidazol-2-yl)-6-phenylpyridine (41.7 mg, 0.188 mmol), and Na2CO3 (50 
mg, 0.472 mmol) in 2-ethoxyethanol (17 mL), was heated at 120 ºC for 20 
h. After cooling to room temperature, the solvent was removed under 
vacuum and the resulting solid was purified by SiO2 (230-400 mesh) 
column chromatography (CH2Cl2/MeOH (5%)). The solvent was re-
moved and the resulting orange solid was washed with diethyl ether (3 x 10 
mL) and dried under vacuum. Yield: 99 mg (0.130 mmol, 69%). X-ray 
quality crystals were grown by slow diffusion of diethyl ether into a di-
chloromethane solution of 4 at 277 K. Anal. Calcd for C36H38IrN7·C4H10O: 
C, 57.53; H, 5.79; N, 11.74. Found: C, 57.19; H, 5.57; N, 11.70. HRMS 
(electrospray, m/z): Calcd for C36H39IrN7 [M+H]+ 762.2892; found 
762.2928. 1H NMR (400 MHz, CD2Cl2, 298 K): δ 9.04 (dd, 3JH-H = 8.0, 4JH-

H = 1.0, 1H, py), 8.04 (dd, 3JH-H = 3JH-H = 8.0, 1H, py), 7.97 (dd, 3JH-H = 8.0, 
4JH-H = 1.0, 1H, py), 7.67 (dd, 3JH-H = 7.7, 4JH-H = 1.4, 1H, Ph-py), 7.62 (d, 
3JH-H = 2.2, 2H, Im-iPr), 7.38 (s, 2H, Ph-tBu), 7.17 (d, 3JH-H = 1.4, 1H, Im-
py), 6.81 (ddd, 3JH-H = 7.7, 3JH-H = 7.4, 4JH-H = 1.3, 1H, Ph-py), 6.77 (d, 3JH-H 
= 2.2, 2H, Im-iPr), 6.57 (ddd, 3JH-H = 7.7, 3JH-H = 7.4, 4JH-H = 1.4, 1H, Ph-py, 
6.39 (d, 3JH-H = 1.4, 1H, Im-py), 5.85 (dd, 3JH-H = 7.5, 4JH-H = 0.9, 1H, Ph Ph-
py), 3.04 (sept, 3JH-H = 6.8, 2H, CH iPr), 1.55 (s, 9H, tBu), 0.79, 0.70 (both 
d, 3JH-H = 6.8, 6H each, CH3 iPr). 13C{1H} NMR (100 MHz, CD2Cl2, 298 
K): δ 164.6 (NC, py), 164.4 (Ir-C, NCN Im-iPr), 150.0 (NCN, Im-py), 
146.8 (NC, py + Cq, Ph-tBu), 145.0 (NC, Ph-tBu), 144.0 (Ir-C, Ph-tBu + 
Cq, Ph-py), 142.7 (Ir-Cq, Ph-py), 138.2 (CH, py), 135.4 (CH, Ph-py), 
130.9 (CH, Im-py), 130.3, 125.4, 121.4 (all CH, Ph-py), 119.8 (CH, Im-
py), 118.8, 117.1 (both CH, py), 116.4, 115.8 (both CH, Im-iPr), 105.4 
(CH, PhtBu), 51.1 (CH, iPr), 35.8 (Cq, tBu), 32.4 (CH3, tBu), 23.6, 23.4 
(both CH3, iPr). 
Preparation of Ir{κ3-C,C,C-[iPrImC6H2(5-tBu)ImiPr]}{κ3-N,N,C-
[NBzimpyC6H4]} (5). This compound was prepared as described for 4, 
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starting from 2 (150 mg, 0.094 mmol), 2-(1H-benzimidazol-2-yl)-6-
phenylpyridine (51.1 mg, 0.188 mmol), and Na2CO3 (50 mg, 0.472 mmol) 
and heating for 24 h. Orange solid. Yield: 83 mg (0.102 mmol, 54.2%). 
Anal. Calcd for C40H40IrN7: C, 59.24; H, 4.97; N, 12.09. Found: C, 59.40; 
H, 5.14; N, 12.30. HRMS (electrospray, m/z): calcd for C40H41IrN7 
[M+H]+ 812.3052; found 812.3019. 1H NMR (400 MHz, CD2Cl2, 298 K): 
δ 8.79 (br, 1H, py), 8.01 (m, 2H, py), 7.74 (dd, 3JH-H = 7.8, 4JH-H = 0.9, 1H, 
Ph-py), 7.64 (d, 3JH-H = 7.6, 1H, Bzim), 7.62 (d, 3JH-H = 2.1, 2H, Im), 7.46 (s, 
2H, Ph-tBu), 7.07 (dd, 3JH-H = 3JH-H = 7.6, 1H, Bzim), 6.85 (dd, 3JH-H = 7.8, 
3JH-H = 7.6, 4JH-H = 0.8, 1H, Ph-py), 6.79 (dd, 3JH-H = 3JH-H = 7.6, 1H, Bzim), 
6.70 (d, 3JH-H = 2.1, 2H, Im), 6.62 (ddd, 3JH-H = 7.8, 3JH-H = 7.6, 4JH-H = 0.9, 
1H, Ph-py), 6.09 (d, 3JH-H = 7.6, 1H, Bzim), 6.06 (dd, 3JH-H = 7.6, 4JH-H = 0.8, 
1H, Ph-py), 3.14 (sept, 3JH-H = 6.8, 2H, CH iPr), 1.62 (s, 9H, tBu), 0.71, 
0.68 (both d, 3JH-H = 6.8, 6H each, CH3 iPr). 13C{1H} NMR (100 MHz, 
CD2Cl2, 298 K): δ 164.5 (NC py), 164.2 (Ir-C, NCN Im), 156.9 (NCN, 
Bzim), 148.6 (NC, py), 146.2 (Cq Ph-tBu), 144.6 (NC, Ph-tBu), 144.5 (Cq, 
Ph-py), 143.8 (Ir-C, Ph-py), 143.6 (Ir-C Ph-tBu), 142.9, 137.9 (both Cq, 
Bzim), 137.2 (CH, py), 135.5, 129.6, 124.8 (all CH, Ph-py), 123.0, 122.6, 
(both CH, Bzim), 120.7 (CH, Ph-py), 118.5, 116.9 (both CH, py), 116.2, 
(CH, Bzim), 115.6 (CH, Im), 115.4 (CH, Bzim), 115.0 (CH, Im), 105.4 
(CH, Ph-tBu), 50.3 (CH, iPr), 35.3 (Cq, tBu), 31.9 (CH3, tBu), 23.0, 22.9 
(both CH3, iPr). 
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