
Facile and Efficient Chloro-Bridged Iridium (III) Dimers as OLED Materials: 
Opening Up New Possibilities 

Michael. Y. Wong, C. Tourbillon, G. Xie, Ifor D. W. Samuel, David B. Cordes, Alexandra M.Z. Slawin, Eli Zysman-Colman*  
EaStCHEM School of Chemistry, University of St Andrews, St Andrews, Fife, UK, KY16 9ST,  

eli.zysman-colman@st-andrews.ac.uk, http://www.zysman-colman.com 

 

Iridium chloro-bridged dimers have been long regarded as poor materials for 

OLED due to their weak emission. Yet, we discovered that we could turn on 

emission when the dimers were suitably substituted. In this study, a series of four 

iridium chloro-bridged dimers using formylated ligands have been synthesized 

and their optoelectronic properties characterized. The OLED device fabricated 

with [Ir(3-CHO-fppy)2Cl]2 showed a decent external quantum efficiency (EQE) of 

2.6%. This study suggests iridium chloro-bridged dimers can be a potential 

emitter class for OLED application. 

 

In this work, the synthesis and characterization of a series of four novel chloro-bridged iridium 

dimers with formylated ligands were studied. The absorption, electrochemical and 

photophysical properties were found to be significantly affected by the number of formyl groups 

and their regiochemistry. More importantly, preliminary OLEDs fabricated using [Ir(3-CHO-

fppy)2Cl]2 as the dopant gave a decent EQE of 2.6%. This result challenges the widely 

accepted notion that iridium dimers cannot be a good OLED materials and encourages further 

study of chloro-bridged iridium dimers as emitters in solid-state lighting. 
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•  Formyl group on pyridine ring causes a bathochromic shift in the absorption spectra. 

•  Formyl group placed at the 4-position of the phenyl ring results in a red-shifted 

absorption spectrum compared with the 3-formyl analogues. 

Dimer Complex λem (nm) Φb (%) τe (ns) kr (x 105 s-1) knr (x 105 s-1) 

[Ir(ppy)2Cl]2 520 0.5 125 0.40 79.60 

[Ir(4-CHO-mppy)2Cl]2 563, 600 2.5 206 1.21 47.33 

[Ir(3-CHO-mppy)2Cl]2 600 emission too weak 

[Ir(4-CHO-fppy)2Cl]2 611, 670(sh) 15.7 1980 0.79 4.26 

[Ir(3-CHO-fppy)2Cl]2 556 0.9 601 0.15 16.49 

a Photophysical measurements were performed in degassed DCM at room temperature.  
b Ru(bpy)3(PF6)2 (ΦPL= 9.5%) was used at standard for quantum yield measurements. 

Complex 
Volt. at 1 cd/m2  

(V) 
Max. luminance  

(cd/m2) 
Max. Current Eff.  

(cd/A) 
Max. EQE 

(%) 
Emission/peaks  

(nm) 

[Ir(3-CHO-fppy)2Cl]2 7.7 >6000 9.086 2.593 551 

[Ir(3-CHO-mppy)2Cl]2 5.7 630 0.508 0.211 557 

[Ir(4-CHO-fppy)2Cl]2 8.1 178 0.441 0.366 612 

[Ir(4-CHO-mppy)2Cl]2 6.5 982 1.286 0.637 447, 562 

A. M’hamedi, A. S. Batsanov, M. A. Fox, M. R. Bryce, K. Abdullah, H. A. Al-Attarc, A. 
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PL λmax: 546, 590 nm 

PLQY: 41% 

τe: 5.3µs 

Current efficiency: 12 cd A-1 

EQE: 4% 
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Complex Eox
pa,1  (V)a Eox

pa,2 (V) Ere
pc,1 (V) Ere

pc,2 (V) ΔEredox (V) 

[Ir(ppy)2Cl]2 1.00 1.26     

[Ir(4-CHO-mppy)2Cl]2 1.25 1.51     

[Ir(3-CHO-mppy)2Cl]2 1.35 1.61     

[Ir(4-CHO-fppy)2Cl]2 1.46 1.67 -1.10 -1.30 2.56 

[Ir(3-CHO-fppy)2Cl]2 1.58 1.72 -1.16 -1.31 2.74 
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a Potentials reported versus SCE. 

Conditions: complex concentration in 10-4 M with 0.1M n-Bu4NPF6 in N2-saturated DCM at room temperature; 

Scan rate: 50 mV s-1.  
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