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ABSTRACT: The straightforward synthesis and photophysical prop-
erties of a new series of heteroleptic Iridium (III) bis(2-arylimidazole) 
picolinate complexes is reported. Each complex has been character-
ized by NMR, UV-Vis, cyclic voltammetry, and the emissive proper-
ties of each is described. By systematically modifying first the cy-
clometallating aryl group on the arylimidazole ligand and then the 
picolinate ligand, the ramifications of ligand modification in these 
complexes was better understood through the construction of a struc-
ture-property relationship. 

In the search for efficient light-emitting devices, Organic light 
emitting diodes (OLED) offer a full-spectrum inexpensive option, due 
to development of heavy atom emitters. Spin-orbit coupling (SOC) is 
strong in third row elements and allows for theoretical device effi-
ciency near unity by utilizing singlet and triplets for light genera-
tion.1,2 Ir complexes have been successful thus far, thanks to room 
temperature emissiion, strong SOC that allows for efficient phospho-
rescence from its 3MLCT state, µs time range excited state lifetime, 
and high photoluminescence quantum yield (PLQY).3,4,5,6  

Ir (III) emitters exhibiting emission of every color, especially green 
and red, have been synthesized to date; most have green to red col-
ored emission bands. In the blue or violet emission, however, has 
been much more rare.5 Current state of the art blue emitters  have 
structures such as (dfppy)2Ir(pic), FirPic),7,8 where dfppy = 2,4-
difluorophenylpyridine and pic = picolinate, (1-Aryl-NHC)3,9 where 
NHC = N-heterocyclic carbene, or (2-Arylimidazole)3 (Figure 1).10,11 
Each class of emitter has its drawbacks, however, such as low color-
purity, poor stability, or poor tunability.  In FirPic, the strongly with-
drawn difluorophenyl- moiety stabilizes the molecular ground state 
(which lies on the phenyl ring) more than the excited state (which lies 
on the pyridine ring).12,13 Such energy level tuning widens the 
HOMO-LUMO gap, thus increasing emission energy to the blue re-
gion. Slective functionalization of either cyclometallating phenyl or 
picolinate ligand has been shown to modify emission energy, PLQY, 
excited state lifetime, etc.  

Figure 1. Structures of State of the Art Iridium Complexes and Iridi-
um Complexes Investigated in this Study. 

 

In (1-Aryl-NHC)3, sufficiently withdrawing NHC moieties can 
harbor a high energy excited state, leading to blue emission. In (2-
Arylimidazole)3 complexes, a very high energy excited state lies on 
the wingtip aryl moiety, leading to blue emission.14 Both of these 
types of complexes are synthetically more challenging to modify than 
arylpyridine complexes. Accordingly, many fewer studies have inves-
tigated the chemistry of these high-performing ligands,15,16 especially 
in heteroleptic complexes.17,18 Therefore, expanding the chemistry and 
photophysical understanding towards developing a deeper under-
standing of Iridium emitter structure-property relationshipsis a worthy 
goal for investigation. We report the synthesis and characterization of 
a series of functionalized heteroleptic bis(2-arylimidazole) Iridium 
(III) picolinate complexes that indicate beneficial and detrimental 
substitution patterns in these complexes.   

 

Experimental Section 

General Information:  All commercially obtained reagents were 
used as received. Unless otherwise noted, all reactions were per-
formed under a N2 atmosphere. Thin-layer chromatography (TLC) 
was conducted with Sigma T-6145 pre-coated TLC Silica gel 60 F254 
aluminum sheets and/or visualized with UV and potassium perman-
ganate staining.  Flash column chromatography was performed as 
described by Still using Silicycle P60, 40-63 µm (230-400 mesh).19 
1H NMR spectra were recorded on a Bruker AVIII-HD (400 MHz or 
200 MHz), and are reported in ppm using solvent as an internal stand-
ard (CDCl3 at 7.26 ppm).  Data reported as: s = singlet, d = doublet, t 
= triplet, q = quartet, p = pentet, m = multiplet, b = broad, ap = appar-
ent; coupling constant(s) in Hz; integration. UV-Vis spectra were 
measured with an LS-55 spectrometer.  Cyclic voltammetry was 
measured with a Biologic S-200 potentiostat. Mass spectra were rec-
orded on a Bruker Microflex MALDI-TOF or ESI mass spectrometer. 
2,4,6-triisopropylaniline prepared according to literature procedure.20 
Single crystal X-Ray diffraction measurements were made on a 
Bruker Venture SCXRD instrument.  

General procedure for imidazole formation 
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1-(2’,6’-diisopropylphenyl)imidazole (1).21 A 1 L roundbottom flask 
equipped with a stirbar was charged with 750 mL MeOH, sparged 
vigorously with N2. After 20 min, 2,6-diispropylaniline (20 mL, 18.8 
g, 106 mmol) and glyoxal (14.4 mL, 106 mmol, 40% in H2O) added 
and let stir at rt. After 16h, large yellow crystals were observed. To 
this suspension, NH4Cl (5.79 g, 212 mmol) added, a reflux condenser 
attached, and the solution warmed to reflux with stirring. Once the 
crystals had dissolved, formaldehyde (16 mL, 212 mmol, 37.5% in 
H2O) added, heating continued. After 1.5 h, 85% H3PO4 (25 mL) 
added, allowed to continue to stir at reflux, and monitored by TLC. 
After 6h, the flask cooled to rt, then 0°C and pH adjusted to 9 with 
15% KOH. Extracted with Et2O (3x 250 mL), washed with H2O (3x 
500 mL), concentrated on rotary evaporator after drying with MgSO4. 
Submitted to column chromatography using 650 mL SiO2, gradient 
Hexanes to 30% EtOAc:Hexanes. Product spot concentrated to yield 
an off-white solid (12.4 g, 51% yield). 1H NMR (400 MHz, CDCl3) δ 
 7.53 (s, 1H), 7.49 (d, J = 8 Hz, 1H), 7.30 (d, 7.1 Hz, 3H), 6.99 (s, 
1H), 2.45 (m, J = 4.8 Hz, 2H), 1.19 (d, J = 4.8 Hz, 12H). 

1-(2’,4’,6’-triisopropylphenyl)imidazole (2). Reaction performed as 
for compound 1, yield: 5.0 g, 52%. 1H NMR (400 MHz, CDCl3) δ 
 7.52 (s, 1H), 7.49 (s, 1H), 7.27 (s, 2H), 6.77 (s, 1H), 2.85 (m, J = 4.8 
Hz, 1H), 2.55 (m, J = 6.9 Hz, 2H), 1.28 (d, J = 6.9 Hz, 6H), 1.13 (d, J 
= 7.0 Hz, 6H), 1.10 (d, J = 4.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) 
δ 150.5, 146.3, 138.8, 130.8, 129.4, 121.8, 35.5, 28.3, 24.6, 24.5, 
24.2.  

 

General procedure for Negishi coupling  

1-(2’,6’-diisopropylphenyl)-2-phenylimidazole (3).21 A flame dried 
schlenk flask equipped with a stirbar was charged with compound 1 
(1.0 g, 4.34 mmol) and dry THF (5 mL), and allows to cool to 0°C 
with stirring. After 15 min, butyllithium (1.74 mL, 2.5 M in hexanes) 
added via syringe, let stir at 0°C. After 30 min, ZnCl2 (3.2 mL, 1.9M 
in 2Me-THF) added via syringe, let stir at 0°C. After 30 min, solution 
allowed to warm to rt, then warmed to 40°C. Concentrated total vol-
ume to 4 mL and added dry toluene (4 mL), then iodobenzene (0.84 g, 
0.46 mL, 4.1 mmol) and Pd(PPh3)4 (0.20 g, 0.17 mmol, 4% catalyst 
loading). Solution warmed to 90°C with stirring and monitored by 
TLC. After 21h, the reaction was cooled to rt and H2O (5mL) added. 
Washed with 10% HCl (25 mL), dried with MgSO4. Concentrated on 
rotary evaporator. Submitted to column chromatography using 400 
mL SiO2, gradient hexanes to 20% EtOAC:Hexanes. Product frac-
tions concentrated to yield a beige solid (1.1 g, 87%).  1H NMR (400 
MHz, C6D6) δ  7.82 (d, J = 7.1 Hz, 2H), 7.45 (d, J = 0.9 Hz, 1H), 7.18 
(t, J = 7.8 Hz, 1H), 7.00 (d, J = 7.9 Hz, 2H), 6.95 (at, J = 6.9 Hz, 2H), 
6.91 (ad, J = 7.0 Hz, 1H), 6.67 (d, J = 1.1 Hz, 1H), 2.58 (m, J = 6.9 
Hz, 2H), 1.06 (s, 9H), 0.97 (d, J = 6.9 Hz, 6H), 0.83 (d, J = 6.9 Hz, 
6H).  

1-(2’,4’,6’-triisopropylphenyl)-2-phenylimidazole (4). Reaction per-
formed as for compound 3, yield: 1.3 g, 65%. 1H NMR (400 MHz, 
CDCl3) δ  7.42-7.39 (m, 2H), 7.29 (s, 1H), 7.18-7.16 (m, 3H), 7.07 
(s, 2H), 6.93 (s, 1H),  2.96 (m, J = 6.9 Hz, 1H), 2.44 (m, J = 6.9 Hz, 

2H), 1.30 (d, J = 7.0 Hz, 6H), 1.10 (d, J = 6. Hz, 6H), 0.88 (d, J = 7.0 
Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 150.7, 147.3, 145.7, 132.2, 
130.7, 129.0, 128.4, 128.3, 127.4, 124.0, 122.4, 34.6, 31.9, 28.5, 25.4, 
24.3, 23.1, 22.9. 

1-(2,6-diisopropylphenyl)-2-(4’’-tertbutylphenyl)imidazole (5). Reac-
tion performed as for compound 3, yield: 1.2 g, 81%. 1H NMR (400 
MHz, C6D6) δ  7.79 (d, J = 7.8 Hz, 2H), 7.45 (d, J = 1.1 Hz, 1H), 7.23 
(t, J = 7.8 Hz, 1H), 7.08 (at, J = 8.7 Hz, 4H), 6.71 (d, J = 1.1 Hz, 1H),  
2.58 (m, J = 6.8 Hz, 2H), 1.06 (s, 9H), 0.97 (d, J = 6.9 Hz, 6H), 0.83 
(d, J = 6.9 Hz, 6H). 13C NMR (100 MHz, C6D6) δ 150.6, 146.8, 146.0, 
135.1, 129.6, 129.4, 128.5, 127.8, 127.7, 127.5, 127.4, 126.8, 124.9, 
124.11, 123.0, 34.1, 30.8, 28.1, 24.6, 22.5. 

General Procedure for chloro-bridged Iridium dimer formation 

di-µ-chlorobis(1-(2’,6’-diisopropylphenyl)-2-phen-2’’-ylimidazol-3-
yl)diiridium (6). A sealable pressure tube equipped with a stirbar was 
charged with compound 3 (0.63 g, 2.05 mmol), tridecane (5 mL), 
sparged with N2. After 35 minutes, [Ir(COD)Cl]2 (0.32 g, 0.47 mmol) 
added and the tube sealed under N2. The tube was allowed warmed to 
240°C with stirring and monitored by TLC. After 15h, much yellow 
ppt observed. Crude reaction submitted directly to column chromatog-
raphy using 350 mL SiO2 and a gradient of hexanes to 20% 
EtOAc:Hexanes. Product spot concentrated to yield a bright yellow 
solid (0.60 g, 77%). 1H NMR (400 MHz, CDCl3) δ  7.76 (s, 4H), 7.57 
(t, J = 7.6 Hz, 4H), 7.45-7.38 (m, 8H), 6.51-6.32 (m, 8H), 6.92 (s, 
4H), 6.52 (t, J = 7.2 Hz, 4H), 6.34 (m, 8H), 6.06 (d, J = 7.5 Hz, 4H), 
3.0-2.83 (m, 8H), 1.37-1.21 (m, 42H), 0.94 (d, J = 6.8 Hz,  16H). 13C 
NMR (100 MHz, CDCl3) δ 158.9, 146.8, 146.7, 135.0, 135.1, 133.7, 
131.9, 130.6, 127.9, 124.8, 124.6, 121.7, 120.2, 29.0, 28.7, 25.2, 24.6, 
24.0, 23.4. 

di-µ-chlorobis(1-(2’,4’,6’-triisopropylphenyl)-2-phen-2’’-ylimidazol-
3-yl)diiridium (7). Reaction performed as for compound 7, yield: 
0.265 g, 52%. 1H NMR (400 MHz, C6D6) δ  8.17 (d, J = 1.5 Hz, 4H), 
7.22 (t, J = 7.7 Hz, 4H), 7.13 (dd, J = 7.4 Hz, 1.5 Hz, 4H), 7.06 (dd, J 
= 7.7 Hz, 1.4 Hz, 4H), 6.89 (d, J = 1.5 Hz, 4H), 6.86 (dd, J = 7.8 Hz, 
1.1 Hz, 4H), 6.69 (dt, J = 6.6 Hz, 1.5 Hz, 4H), 6.51 (dt, J = 7.3 Hz, 1.2 
Hz, 4H), 6.42 (dd, J = 7.7 Hz, 1.5 Hz, 4H), 3.01 (m, J = 6.9 Hz, 8H), 
1.13 (at, J = Hz,  24H), 1.02 (d, J = 6.9 Hz, 12H), 0.77 (d, J = 6.9 Hz, 
12H). 13C NMR (100 MHz, CDCl3) δ 158.9, 151.1, 146.7, 146.4, 
146.2, 145.1, 135.3, 131.9, 131.5, 129.0, 128.9, 127.8, 127.7, 122.6, 
122.5, 122.4, 121.7, 120.6, 120.4, 119.7, 35.0, 34.7, 31.9, 29.1, 28.8, 
27.2, 25.6, 25.2, 25.1, 24.7, 24.4, 24.3, 24.1, 23.5, 22.9. HRMS (CI-
MS): Theo. for C96H117Cl2Ir2N8, [M+H]+: 1801.8353, found for 
C54H63IrN5O2, [M+H]+: 1801.8354. 

di-µ-chlorobis(1-(2’,6’-diisopropylphenyl)-2-(4’’-tertbutylphen-2’’-
yl)imidazol-3-yl)diiridium (8). Reaction performed as for compound 
7, yield: 0.235 g, 80%. 1H NMR (200 MHz, CDCl3) δ  7.83 (m, 2H), 
7.63-7.26 (m, 18H), 6.89 (bs, 4H), 6.51-6.32 (m, 8H), 5.91 (bs, 4H), 
2.85 (bs, 4H), 1.54 (s, 24H), 1.30 (s, 24H), 1.04 (s, 45H). 13C NMR 
(100 MHz, CDCl3) δ 159.3, 150.0, 149.9, 147.4, 147.3, 146.9, 146.3, 
133.8, 131.9, 130.5, 129.1, 128.7, 128.4, 127.4, 124.6, 124.6, 121.1, 



 

119.9, 117.0, 34.5, 34.5, 31.7, 31.6, 31.6, 28.9, 28.8, 23.9, 23.8, 23.8, 
25.1. 

 General Procedure for Heteroleptic Ir (III) Picolinate Synthesis 

bis(1-(2’,6’-diisopropylphenyl)-2-phen-2’’-ylimidazol-3-yl)iridium 
(III) picolinate (9). 25 mL roundbottom flask equipped with a stirbar 
and reflux condenser was charged with dichloromethane (15 mL), 
compound 6 (0.25 g, 0.015 mmol) and sparged with N2. After 10 
minutes, 2-picolinic acid (0.006 g, 0.045 mmol) and NEt3 (0.006 g, 
0.011 mL, 0.075 mmol) added and the reaction warmed to reflux with 
stirring and monitored by TLC. After 18h, the yellow solution was 
concentrated and passed through an SiO2 plug using first 20% 
EtOAc:Hexanes, then acetone. Product fractions concentrated to yield 
a bright yellow solid (0.060 g, 65%, based on picolinic acid). 1H 
NMR (400 MHz, CDCl3) δ  8.34 (d, J =7.5 Hz, 1H), 7.91-7.83 (m, 
2H), 7.53 (td, J =2.5 Hz, 7.2 Hz, 4H), 7.38-7.24 (m, 8H), 6.88 (d, J = 
1.6 Hz, 1H), 6.81 (d, J = 1.7 Hz, 1H), 6.64-6.58(m, 5H), 6.47-6.38 (m, 
2H), 6.34 (d, J = 1.7 Hz, 1H), 6.1 (d, J = 7.8 Hz, 1H), 6.05 (d, J = 7.8 
Hz, 1H), 2.81-2.56 (m, 4H), 1.35-0.9 (m, 24H). 13C NMR (100 MHz, 
CDCl3) δ 173.9, 159.6, 158.2, 153.4, 149.1, 148.1, 147.1, 146.6, 
146.4, 146.3, 145.3, 137.0, 135.5, 135.4, 133.7, 133.2, 133.1, 133.0, 
130.8, 130.7, 128.3, 128.2, 127.7, 127.1, 126.0, 125.3, 124.9, 124.8, 
124.8, 124.7, 124.6, 122.8, 122.3, 121.8, 121.6, 120.5, 120.1, 28.8, 
28.7, 28.5, 25.2, 24.5, 24.0, 23.8, 23.6, 23.5. 

bis(1-(2’,6’-triisopropylphenyl)-2-(4’’-tertbutylphen-2’’-yl)imidazol-
3-yl)iridium (III) picolinate (10). Reaction performed as for com-
pound 9 with the exception of 2 equiv picolinate and NEt3 used, yield: 
0.020 g, 15%. 1H NMR (400 MHz, CDCl3) δ  8.29 (d, J = 7.9 Hz, 
1H), 7.82 (t,  J = 7.7 Hz, 1H), 7.64 (d, J = 5.2 Hz, 1H), 7.52 (t, J = 7.7 
Hz, 2H), 7.38-7.26 (m, 6H), 7.21 (t, J = 6.4 Hz, 1H), 6.83 (s, 1H), 
6.81 (s, 1H), 6.77 (s, 1H), 6.54 (d, J = 8.2 Hz, 1H), 6.47 (d, J = 8.2 
Hz, 1H), 6.39 (s, 1H), 6.03 (d, J = 8.2 Hz, 1H), 5.99 (d, J = 8.2 Hz, 
1H), 2.85 (m, 1H), 2.73 (m, 1H), 2.49 (m, 1H), 1.85 (m, 1H),  2.05 
(m, 4H), 1.26-0.8 (m, 68H). 13C NMR (100 MHz, CDCl3) δ 173.9, 
159.8, 158.4, 153.7, 151.1, 150.3, 148.4, 147.6, 147.5, 146.7, 146.6, 
146.5, 145.0, 136.6, 133.1, 133.1, 132.7, 132.6, 131.0, 130.7, 127.7, 
126.8, 125.9, 125.1, 124.9, 124.7, 124.4, 122.3, 121.8, 121.3, 121.2, 
117.9, 117.3, 34.5, 31.7, 31.7, 31.6, 30.0, 28.9, 28.8, 28.6, 28.4, 25.3, 
25.2, 25.1, 24.5, 23.8, 23.7, 23.7. HRMS (CI-MS): Theo. for 
C56H67IrN5O2, [M+H]+: 1034.4919, found for C56H67IrN5O2, [M+H]+: 
1034.4930. 

bis(1-(2’,4’,6’-triisopropylphenyl)-2-phen-2’’-ylimidazol-3-yl)iridium 
(III) picolinate (11). Reaction performed as for compound 9 with the 
exception of 11 equiv picolinate and 17 equiv Net3, yield: 0.050 g, 
92%. 1H NMR (400 MHz, CDCl3) δ  8.26 (d, J = 7.7 Hz, 1H), 7.83-
7.76 (m, 2H), 7.20-7.05 (m, 6H), 6.79 (s, 1H), 6.72 (s, 1H), 6.81 (d, J 
= 1.5 Hz, 1H), 6.54-6.30 (m, 7H), 6.25 (s, 1H), 6.06-5.94 (m, 2H), 
2.94 (m, 3H), 2.05 (m, 4H), 1.25-0.7 (m, 36H). 13C NMR (100 MHz, 
CDCl3) δ 173.9, 159.6, 158.3, 153.5, 151.4, 151.2, 149.0, 148.1, 
146.6, 146.1, 146.0, 145.9, 145.4, 136.9, 135.7, 135.5, 133.7, 133.2, 
130.7, 128.1, 127.7, 127.0, 125.8, 125.2, 122.8, 122.7, 122.6, 122.5, 
122.4, 122.3, 121.9, 121.8, 120.4, 120.0, 34.6, 29.9, 28.8, 28.8, 28.6, 
25.2, 24.7, 24.7, 24.5, 24.3, 24.1, 23.9, 23.7, 23.6. HRMS (CI-MS): 

Theo. for C54H63IrN5O2, [M+H]+: 1006.4606, found for C54H63IrN5O2, 
[M+H]+: 1006.4619. 

bis(1-(2’,6’-triisopropylphenyl)-2-(phen-2’’-yl)imidazol-3-yl)iridium 
(III) 4-methylpicolinate (12). Reaction performed as for compound 9 
with the exception of 10 equiv picolinate and NEt3 used, yield: 0.048 
g, 43%. 1H NMR (400 MHz, CDCl3) δ  8.19 (s, 1H), 7.75 (d,  J = 5.5 
Hz, 1H), 7.54 (m, 2H), 7.36 (m, 5H), 7.08 (dd, J = 5.5 Hz, 2.0 Hz,  
1H), 6.90 (d, J = 1.5 Hz, 1H), 6.82 (d, J = 1.5 Hz, 1H), 6.58 (m, 4H), 
6.47 (t, J = 6.8 Hz, 1H), 6.42 (d, J = 6.8 Hz, 1H), 6.37 (d, J = 1.6 Hz 
1H), 6.12 (d, J = 8.2 Hz, 1H), 6.06 (d, J = 8.2 Hz, 1H), 2.79 (m, 1H), 
2.73 (m, 1H), 2.65 (m, 1H) 2.46 (s, 3H), 2.20 (m, 1H), 1.24 (d, J = 6.9 
Hz, 3H), 1.22 (d, J = 6.9 Hz, 3H), 1.17 (d, J = 7.0 Hz, 3H), 1.11 (d, J 
= 6.9 Hz, 3H), 1.03 (d, J = 7.1 Hz, 3H), 0.95 (m, 9H). 13C NMR (100 
MHz, CDCl3) δ 174.1, 159.6, 158.3, 152.8, 148.9, 148.6, 148.4, 
147.1, 146.6, 146.5, 146.3, 145.6, 135.5, 135.4, 133.7, 133.2, 133.1, 
133.1, 130.8, 130.7, 128.6, 128.2, 128.1, 127.8, 126.0, 125.3, 124.8, 
124.8, 124.6, 124.5, 122.7, 122.2, 121.6, 121.6, 121.5, 120.3, 120.0, 
28.8, 28.8, 28.7, 28.5, 25.2, 24.7, 24.6, 24.5, 24.0, 23.8, 23.6, 21.5. 
HRMS (CI-MS): Theo. for C49H53IrN5O2, [M+H]+: 936.3823, found 
for C49H53IrN5O2, [M+H]+: 936.3842. 

bis(1-(2’,6’-triisopropylphenyl)-2-(phen-2’’-yl)imidazol-3-yl)iridium 
(III) 4-trifluoromethylpicolinate (13). Reaction performed as for com-
pound 9 with the exception of 10 equiv picolinate and NEt3 used, 
yield: 0.047 g, 40%. 1H NMR (400 MHz, CDCl3) δ  8.60 (s, 1H), 
8.10 (d,  J = 5.5 Hz, 1H), 7.55 (m, 2H), 7.42 (dd, J = 5.1, 2.1 Hz, 1H), 
7.38-7.30 (m, 5H), 6.92 (d, J = 1.5 Hz, 1H), 6.84 (d, J = 1.5 Hz, 1H), 
6.62 (m, 2H), 6.54-6.41 (m, 4H), 6.32 (d, J = 1.7 Hz, 1H), 6.11 (d, J = 
8.0 Hz, 1H), 6.07 (d, J = 8.2 Hz, 1H), 2.79 (m, 1H), 2.80-2.56 (m, 3H) 
2.15 (m, 1H), 1.21 (at, J = 6.9 Hz, 6H), 1.15 (d, J = 6.9 Hz, 3H), 1.10 
(d, J = 7.0 Hz, 3H), 1.05 (d, J = 6.9 Hz, 3H), 1.03 (d, J = 7.1 Hz, 3H), 
0.93 (m, 9H). 13C NMR (100 MHz, CDCl3) δ 172.4, 159.4, 158.2, 
155.4, 150.1, 147.1, 147.0, 146.6, 146.4, 144.0, 138.4 (q, J = 34.9 
Hz), 135.4, 135.2, 133.4, 133.2, 133.0, 132.9, 131.0, 130.8, 128.5, 
128.3, 125.9, 125.2, 125.0, 124.9, 124.8, 124.6, 124.1, 122.9, 122.4, 
122.1, 121.9, 121.3, 120.9, 120.6, 28.8, 28.8, 28.8, 28.8, 28.6, 28.6, 
25.2, 24.7, 24.4, 24.0, 23.8, 23.7, 23.5. HRMS (CI-MS): Theo. for 
C49H50IrN5O2F3, [M+H]+: 990.3540, found for C49H50IrN5O2F3, 
[M+H]+: 990.3562. 

bis(1-(2’,6’-triisopropylphenyl)-2-(phen-2’’-yl)imidazol-3-yl)iridium 
(III) 4-methoxypicolinate (14). Reaction performed as for compound 9 
with the exception of 10 equiv picolinate and NEt3 used, yield: 0.066 
g, 58%. 1H NMR (400 MHz, CDCl3) δ  7.91 (d, J = 2.9 Hz, 1H), 7.64 
(d,  J = 6.1 Hz, 1H), 7.52 (m, 2H), 7.38-7.29 (m, 5H), 6.89 (d, J = 1.6 
Hz, 1H), 6.81 (d, J = 1.5 Hz, 1H), 6.76 (dd, J = 6.1, 1.7 Hz, 1H), 6.61-
6.51 (m, 4H), 6.46-6.37 (m, 3H), 6.09 (d, J = 8.0 Hz, 1H), 6.03 (d, J = 
8.2 Hz, 1H), 3.93, (s, 3H), 2.75-2.55 (m, 3H), 2.2 (m, 1H), 1.21 (at, J 
= 6.9 Hz, 6H), 1.15 (d, J = 6.9 Hz, 3H), 1.09 (d, J = 7.0 Hz, 3H), 1.03 
(d, J = 6.8 Hz, 3H), 1.03 (d, J = 7.1 Hz, 3H), 0.93 (m, 9H). 13C NMR 
(100 MHz, CDCl3) δ 173.8, 166.6, 159.7, 155.3, 149.5, 148.3, 147.1, 
146.7, 146.5, 146.4, 145.6, 135.5 133.7, 133.2, 133.1, 133.2, 130.8, 
130.7, 128.2, 128.1, 126.0, 125.4, 124.9, 124.5, 122.7, 122.3, 121.6, 
120.3, 119.9, 114.7, 112.0, 56.18, 28.8, 28.7, 28.5, 25.2, 24.7, 24.5, 
24.0, 23.9, 23.7, 23.5. HRMS (CI-MS): Theo. for C49H53IrN5O3, 
[M+H]+: 952.3772, found for C49H53IrN5O3, [M+H]+: 952.3796. 



 

Results and Discussion 

Synthesis of Iridium Complexes 

To experimentally establish a structure-function relationship for 
this class of ligand, we envisioned a series of complexes with func-
tionalization on both wingtip and cyclometallating phenyl moieties 
(Scheme 1). Wingtip-modified ligands were reached by first synthe-
sizing the appropriate imidazole with reproducible yields near 50%, 
and then coupling the appropriate aryl bromide through a key Negishi 
coupling reaction. This smoothly and reproducible yielded each of the 
imidazole ligands 3-5 with good yields of 65-81%. After forming 
chloride-bridged iridium dimers with each ligand at high temperature 
in acceptable yields of 52-80%, heteroleptic picolinate complexes 
were obtained after ligation with commercially available picolinate 
ligands to form complexes 9-12 with yields between 15-92%.  

 

Scheme 1. Synthesis of Ir complexes 6-14.   

After synthesis and chromatography, X-Ray quality single crystals 
of complex 12 were grown from a concentrated solution of CDCl3, 
and the solved structure is shown in Figure 2.  

   

Figure 2. ORTEP Plot of the crystallographically determined struc-
ture of complex 12 (thermal probability ellipsoids drawn at the 50% 
confidence level). Hydrogen atoms are omitted for clarity. Selected 
bond distances: Ir1-O2: 2.155(5) Å, Ir1-N1: 2.010(8) Å, Ir1-N3: 
2.117(7) Å, Ir1-N4: 2.018(8) Å, Ir1-C0AA: 1.978(8) Å, Ir1-C1AA: 
1.973(7) Å. Selected Bond Angles: O2-Ir1-N1: 94.6(3)º, O2-Ir1-N3: 
76.5(3)º, O2-Ir1-N4: 90.3(3)º, O2-Ir1-C0AA: 96.5(3)º, O2-Ir1-C1AA: 
173.1(3)º, N3-Ir1-N4: 92.1(3)º, N1-Ir1-C1AA: 80.1(3)º, N4-Ir1-
C0AA: 80.0(3)º, N1-Ir1-N4: 173.6(3)º, N3-Ir1-C0AA: 169.5(3)º, N3-
Ir1-C1AA: 99.3(3)º 

Details of SCXRD experiments are given in the Supporting In-
fomration, along with cif files. In the crystal structure of complex 12, 
the Ir atom adopts the expected distorted octahedral geometry. Planar 
2-arylimidazole ligands are perpendicular with chelating nitrogen 
atoms opposite to each other, which is also observed in (ppy)2Ir(pic) 
complexes.22,23 Bond angles and distances were typical of other Ir (III) 
structures in a distorted octahedral, with no significant steric interac-
tions.  

Opto-Electronic Characterization 

 Once the complexes were synthesized, we characterized 
them by cyclic voltammetry to better understand the structure func-
tion relationship (Table 1, Figure 3). The complex with the least-
accepting cyclometallating ligand, complex 10, had the highest ener-
gy (destabilized) ground state oxidation potential (E(S+/S)) value, while 
the complex with the least-accepting wingtip functionality, complex 
11, showed no change compared to the unmodified ligand of complex 
9, which indicated modification of the wingtip aryl group did not 
affect the  molecular ground state. The complex with the most accept-
ing picolinate ancillary ligand, complex 14, displayed the lowest en-
ergy (most stabilized) E(S+/S). Decreasing the electron-accepting power 
of the picolinate complex through substitution with more inductive 
and resonance donating functional groups as in complexes 9, 12,13 
led to successively higher energy (destabilized) E(S+/S) values, which 
indicated that the picolinate directly affected the molecular ground 
state energy, as is the case for arylpyridine complexes like FIrPic. 

 

Figure 3. Measured in a 0.1 M Bu4NPF6 in MeCN solution with 
glassy carbon working electrode, Pt reference electrode, and Pt coun-
ter electrode with ferrocene as an internal standard. Values are report-
ed versus NHE using the conversion Fc/Fc+ = 0.64 V vs NHE in 
MeCN.24 

  
Table 1. Electrochemical and Optical Properties of 
Ir Complexes 9-14. 

 

Complex E(S+/S) a 

(V vs 
NHE) 

ε,b (104molL-1cm-

1) 
λmaxb (nm) EHOMOc 

(eV Vs 
vacuum) 

E(T1)d 

(eV Vs 
vacuum) 

9 1.13 316 (1.32), 336 
(1.30), 376 (0.75), 
402 (0.53) 

571 -5.73 -3.14 

10 1.05  336 (1.54), 377, 
(0.98), 400 (sh, 
0.74), 463 (0.025) 

577 -5.65 -3.08 



 

11 1.13 314 (1.11), 342 
(0.94), 371 (sh, 
0.57), 402 (0.33) 

571 -5.73 -3.14 

12 1.12 318 (1.64), 335 
(sh, 1.49), 372 
(0.90), 399 (0.61) 

555 -5.72 -3.07 

13 1.18 338 (1.28), 368 
(1.13), 397 (sh,), 
462 (0.12) 

654 -5.78 -3.48 

14 1.11 317 (1.50), 337 
(sh, 1.27), 372 
(0.79), 402 (0.54) 

555 -5.71 -3.01 

a: Measured in a 0.1 M Bu4NPF6 in MeCN solution with glassy carbon 
working electrode, Pt reference electrode, and Pt counter electrode 
with ferrocene as an internal standard. Values are reported versus 
NHE. b: Measured in degassed MeCN. c: Value obtained from the 
equation EHOMO = -4.6 eV – E(S+/S) d: Value taken as the difference 
between EHOMO and the high energy onset of the photoluminescence 
curve in degassed MeCN. 
 
To understand how structural changes affected emission, we meas-
ured the UV-Vis and photoluminescence of each complex dissolved 
in MeCN (Table 1, Figure 4). Overall, the UV-Vis absorbance spectra 
looked qualitatively similar for each of the complexes, as was ex-
pected. Looking more closely at the spectra, subtle differences are 
apparent. For instance, compared to complex 9 (unmodified ligand) 
decreasing the electron accepting power of the cyclometallating lig-
and (complex 10) increased absorptivity while modifying the imidaz-
ole wingtip (complex 11) decreased absorptivity. Modifying the pico-
linate ligand with a methoxy functionality largely had no affect on the 
absorptivity, while trifuluoromethyl functionalization increased ab-
sorptivity and introduced a pronounced band at 460 nm. 

 
Figure 4. UV-Vis and Normalized Photoluminescence spectra of 
complexes 9-14 dissolved in Ar-saturated MeCN. 
 
The steady-state photoluminescence spectra of complexes 9-14 in 
MeCN were measured to understand the changes to the emissive state 
upon ligand modification. Adding electron density to the cyclometal-
lating ligand led to a slight red shift in the λmax value (577 nm for 10 
vs 571 nm for 9) while modifying the imidazole wing-tip had no ef-
fect on λmax (complex 11 vs 9). Modifying the picolinate ligand was 
found to have a much more drastic effect, as increasing picoliate ac-
cepting power led to an 83 nm red shift (654 nm for complex 13 vs 
571 nm for 9). Decreasing accepting power through addition of meth-
oxy or methyl led to a less-pronounced blue shift (17 nm) for both 
complexes (complexes 12,14 vs complex 9). From the photolumines-

cence data, it is clear that picolinate ligand modifications affect emis-
sion more than absorption, and that the emission energy can be easily 
tuned by modifying the picolinate electron donation and acceptor 
strength. Because of its intrinsic accepting ability, the LUMO likely 
lies on the picolinate ligand, and this data supports this prediction, 
since emission energy should be lowered by increasing the accepting 
power of the LUMO-bearing moiety.13  
 Thus, from the electrochemical measurements it appeared 
that the molecular HOMO E(S+/S) was likely localized on the Ir and 
cyclometallating moiety of the imidazole ligand (as has been observed 
in calculations of homoleptic complexes)14 and from the optical 
measurements it was apparent that the emissive triplet state E(T1)was 
likely a mixed Ir-picolinate MLCT state, as is the case for FIrPic, with 
the difference of very little ligand-centered triplet state character in 
the emissive state, as evidenced by the featureless charge transfer 
band present for each complex.8  

The energy levels of complexes 9-14 are compiled in Fig-
ure 5 for comparison. From the graph, the ramifications of ligand 
modification are easier to visualize, especially in the context of band-
gap energy. For instance,  adding electron density to the cyclometal-
lating ligand in complex 10 destabilized the E (S+/S) energy level more 
than E(T1), lowering the band-gap energy. Conversely, in complex 12 
and 13, the E (S+/S) level was slightly destabilized, but E(T1) was de-
stabilized to a greater degree, leading to overall band-gap widening. 
In complex 13, both E(S+/S) and E(T1) were stabilized, with much more 
stabilization occurring at the E(T1) energy level.  
 

Figure 5. Energy Level Diagram for complexes 9-14. 
Once we had measured the relevant energy levels for each of the 
emitters, we then turned to gaining a better understanding of the time-
dependent photophysical properties of the complexes. Our first set of 
measurements involved obtaining excited state lifetime and photolu-
minescence quantum yield (PLQY, Φ) data for the complexes (Table 
2). The PLQY measurements were performed relative to FIrPic in 
DCE (PLQY = 92%), as described previously.25,26 As  has been de-
scribed for a serious of recently published heteroleptic phenylpyridine 
acetylene-substituted picolinates, the observed  PLQY values were 
much lower than those for FIrPic, but similar to those for Ir(ppy)2(pic) 
(14.7%).23 Complex 12 exhibited the highest PLQY (24.7%) and 
complex 13 the lowest (6.4%). Complex 10 displayed higher PLQY 
than complexes 9 and 11, and methoxy substituted complex 14. Com-
plexes 9-14 exhibited extremely weak oxygen-sensitive phosphores-
cence in MeCN, as has been described for other complexes, with 
excited state lifetimes near 10 ns.27,28 With a similar trend to the quan-
tum yields, the longest observed excited state was for complex 12 and 
the shortest for complex 13. Even though the observed lifetimes are 
very low, similar lifetimes and quantum yields have been observed in 
cationic Ir complexes.29 Thus, it was concluded that while substitution 



 

on the cyclometallating moiety could boost PLQY (and thus the radia-
tive rate constant), substitution on the wingtip aryl group had a detri-
mental effect. Similarly, while methyl substitution greatly enhanced 
PLQY, more electron rich methoxy and strongly accepting trifluoro-
methyl both decreased PLQY in comparison to complex 9.  
 
Table 2. Photophysical Properties of complexes 9-14.a 

Complex 9 10 11 12 13 14 

PLQY (Φ, %)b 11.7 14.2 9.5 24.7 6.4 10.6 

Excited State 
Lifetime (τ, µs) 

0.012c 0.010c 0.011c 0.050 0.005 0.019 

a: Values taken from measurements made in DCE. b: Measured rela-
tive to FIrPic.25 c: Measurement made in degassed MeCN. 
 
 
Conclusion 
Finding new, more efficient emitters for OLEDs is an important chal-
lenge in chemistry, since lighting devices consume a large amount of 
energy worldwide. Towards this end, emitting molecules must be 
rationally designed to fit in to high performance device configura-
tions. Towards the aim of a deeper understanding of the ramifications 
of emitter functionalization, we synthesized a series of heteroleptic 
bis(2-arylimidazole) iridum (III) picolinates with different steric and 
electronic modifications, from simple alkyl substitution on the cy-
clometallating ring or the imidazole wingtip group, to electronic mod-
ification of the picolinate ligand. The complexes were characterized 
by NMR and UV-Visible Absorption Spectroscopy, Photolumines-
cence Spectroscopy, Mass Spectrometry, and one complex was char-
acterized by single crystal X-Ray Diffraction. It was determined that 
ligand substitution played a major role in the relative position of mo-
lecular energy levels (and thus emission wavelength), the observed 
photoluminescence quantum yield, and the excited state lifetime. 
Particularly, it was observed that functionalizing the picolinate ligand 
at the 4 position with a methyl group increased the PLQY and emis-
sion energy. Conversely, substitution at the 4 position with trifluoro-
methyl led to a large decrease in emission energy, and a decrease in 
PLQY. Studies such as these are important for establishing the struc-
ture-property relationship in various phosphorescent emitters for 
OLEDs, as better design rules will come from a larger pool of known 
complexes. Further studies into structure-property relationship in Ir 
(III) emitters are currently underway. 
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