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Two	 novel	 heteroleptic	 iridium(III)	 acetylacetonate	 (acac)	 complexes	 K3a	 and	 K3b	 were	 synthesised	 from	 cyclometallating	 ligands	 of	 2-(4’-

formylphenyl)quinoline	 11a	 and	 2-(5’-formylphenyl)quinoline	 11b.	 Complexes	 K3a	 and	 K3b	 were	 fully	 characterised	 by	 NMR	 spectroscopy,	 mass	

spectrometry	and	FT-IR.	Differential	scanning	calorimetry	(DSC)	and	thermal	gravimetric	analysis	(TGA)	indicate	that	both	complexes	were	amorphous	solids,	

stable	up	to	303°C	and	313°C,	respectively.	Complexes	K3a	and	K3b	 showed	strong,	high-energy	absorption	bands	(<400	nm)	due	to	 ligand-centred	(
1
LC)	

transitions	and	weaker,	 low-energy	absorption	bands	 (400-600	nm)	arising	 from	a	mixture	of	metal-to-ligand	charge	 transfer	 (
1
MLCT/

3
MLCT)	and	 ligand-

centred	(
3
LC)	transitions.	In	degassed	dichloromethane	solutions,	complexes	K3a	and	K3b	gave	yellowish-orange	and	red	phosphorescent	emissions	at	579	

nm	 and	 630	 nm,	 with	 quantum	 efficiencies	 of	 99.3%	 and	 79.3%,	 respectively.	 At	 positive	 potential,	 complexes	 K3a	 and	 K3b	 exhibited	 a	 one-electron	

reversible	oxidation	(E
ox
1/2)	peak	at	0.69	V	and	a	quasi-reversible	oxidation	(E

ox
1/2)	peak	at	0.60	V,	respectively,	which	were	assigned	to	the	Ir(III)/Ir(IV)	couple.	

At	negative	potentials,	complexes	K3a	and	K3b	exhibited	a	one-electron	 irreversible	 reduction	peak	at	 -1.79	V	and	 -1.94	V,	 respectively.	Phosphorescent	

organic	 light-emitting	 diodes	 (PhOLEDs)	 were	 fabricated	 with	 a	 device	 configuration	 of	 ITO/PEDOT:PSS/EML/TPBi/LiF/Al,	 	 in	 which	 K3a	 and	 K3b	 gave	

yellowish-orange	and	red	electroluminescence	(EL)	at	572	nm	and	628	nm,	respectively.	Complex	K3a	gave	the	highest	 luminance	of	2773	cd/m
2
,	current	

efficiency	of	3.3	cd/A,	external	quantum	efficiency	of	1.2%	and	maximum	power	efficiency	of	1.05	lm/W	with	a	turn-on	voltage	of	5.0	V	(Device	A).	

Keywords:	Formyl	group,	2-Phenylquinoline,	Iridium,	Heteroleptic,	Phosphorescence,	Electroluminescence.	

	

1.	Introduction	
Iridium(III)	complexes	have	found	many	different	applications	in	the	

area	 of	 sensors,	OLEDs,	medicine,	 bioimaging	 etc	 [1,2].	 Iridium(III)	

complexes	 have	 excellent	 chemical	 and	 thermal	 stabilities,	 high	

phosphorescence	 quantum	 yields	 and	 relatively	 short	

phosphorescence	 lifetimes	 [3-9].	 	Additionally,	 facile	 colour	 tuning	

is	also	possible	 through	modifications	of	 ligand	structure	 [9-11].	 In	

this	 regard,	 different	 cyclometallating	 ligands	 have	 been	

synthesised	 with	 the	 electron-withdrawing/donating	 groups	

attached	to	different	positions	of	the	ligand	to	configure	the	colour	

of	many	iridium(III)	complexes	[12-14].	

In	 general,	 iridium(III)	 complexes	 have	 been	 synthesised	 in	 two	

different	 forms	 -	 homoleptic	 or	 heteroleptic	 [15,16].	 The	 former	

type	 of	 complexes	 have	 three	 identical	 cyclometallating	 ligands,	

whereas	 the	 latter	 complexes	 have	 two	 identical	 cyclometallating	

ligands	 and	 an	 ancillary	 ligand	 [16,17].	 Heteroleptic	 iridium(III)	

complexes	 can	 be	 synthesised	 in	 high	 yields	 as	 compared	 to	

homoleptic	iridium(III)	complexes.	

In	 OLED	 devices,	 iridium(III)	 complexes	 are	 frequently	 used	 as	

dopant	 materials	 in	 the	 emissive	 layer	 [18,19].	 Iridium(III)	

complexes	 that	 emit	 light	 in	 three	 basic	 colours	 (blue,	 green	 and	

red)	 are	 available	 in	 the	 literature	 as	 benchmark	 materials	 [20].	

Bis(2-(1'-benzothien-2'-yl)pyridinato-N,C3')iridium(acetylacetonate)	

(Ir(btp)2acac)	 [21,22]	 and	 tris(1-phenylisoquinoline)iridium(III)	

(Ir(piq)3)	 [23]	are	considered	as	 red-emitting	benchmark	materials.	

A	 number	 of	 red-emitting	 iridium(III)	 complexes	 have	 been	

designed	 and	 synthesised	 in	 the	 literature	 [24-26].	 Recently	 they	

have	been	used	 in	 fabricating	white	OLEDs	and	 in	 the	near	 future	

they	 may	 find	 application	 in	 traffic	 signals	 and	 automobile	 brake	

lights	[27].	However,	the	 low	luminescent	quantum	yields	of	these	

complexes	 make	 them	 unsuitable	 for	 practical	 usage	 [28,29].	

Therefore	there	is	continuing	interest	in	designing	and	synthesising	

highly	red	emissive	iridium(III)	complexes	[30].	

High	 electron	 affinities	 were	 observed	 for	 quinoline-based	

cyclometallating	 ligands	[31]	such	as	2-phenylquinoline	(pq)	and	1-

phenylisoquinoline	 (piq).	 From	 these	 ligands	 two	 parent	

heteroleptic	 iridium(III)	 acetylacetonate	 (acac)	 complexes,	

Ir(pq)2acac	 and	 Ir(piq)2acac,	 were	 prepared.	 The	 former	 complex	

gave	orange	electroluminescence	 (EL)	and	the	 latter	complex	gave	

red	EL	 [6,32,33].	To	 tune	emission	colour	and	 to	 improve	material	

properties	 and	 device	 performances,	 many	 different	 electron	

withdrawing	 and	 donating	 groups	 have	 been	 grafted	 on	 to	 the	

ortho-/meta-/para-positions	 of	 C-ring	 and/or	N-ring	 of	 pq	 and	 piq	
cyclometallating	 ligands	 [31,34-38].	 In	 this	 work,	 Ir(pq)2acac	 was	

chosen	 as	 parent	 complex,	 the	 formyl	 group	 was	 chosen	 as	 an	

electron	 withdrawing	 and	 conjugation	 enhancing	 group,	 and	 the	



	 	

	 	

meta-	 and	 para-positions	 of	 the	 C-ring	 were	 chosen	 as	 grafting	
positions.	 	 Very	 recently	 it	 was	 shown	 by	 us	 [39]	 that	 the	 formyl	

group	 is	 a	 simple	 and	 good	 acceptor	 for	 D-A	 systems,	 and	 others	

[40,41]	 also	 chose	 it	 to	 explore	 its	 tuning	 properties	 in	 OLEDs.	

Depending	 on	 which	 position	 of	 the	 C-ring	 the	 formyl	 group	 is	

grafted,	 the	 highest	 occupied	 molecular	 orbital	 (HOMO)	 energy	

levels	 could	 be	 altered.	 Thus,	 the	 emission	 of	 the	 parent	 complex	

could	 be	 fine-tuned,	 and	 the	 material	 properties	 and	 device	

performances	 could	 be	 improved.	 To	 demonstrate	 this,	 2-(4’/5’-

formylphenyl)quinolines	 11a	 and	 11b	 were	 prepared	 as	

cyclometallating	 ligands.	 These	 ligands	 were	 then	 converted	 into	

two	novel	heteroleptic	iridium(III)	complexes	K3a	and	K3b,	where	a	
formyl	group	was	positioned	at	the	para-position	and	meta-position	
to	 iridium.	 Here	 we	 report	 the	 synthesis,	 thermal,	 optical,	

electrochemical	 and	 electroluminescent	 properties	 of	 these	

complexes	K3a	and	K3b.	

2.	Experimental	
All	 reagents	 were	 standard	 reagent	 grade	 and	 purchased	 from	

Sigma-Aldrich,	 Merck	 and	 Alfa	 Aesar.	 Inert	 reactions	 were	

performed	 under	 an	 argon	 atmosphere.	 Nuclear	 magnetic	

resonance	 (NMR)	 spectra	 were	 obtained	 on	 an	 Agilent	 Premium	

Compact	NMR	spectrometer	(600	MHz	for	
1
H	NMR,	150	MHz	for	

13
C	

NMR)	 with	 tetramethylsilane	 as	 internal	 standard.	 Elemental	

analysis	 was	 performed	 on	 a	 Costech	 Elemental	 system.	 The	 IR	

spectra	were	obtained	(4000–400	cm
−1
)	using	a	Shimadzu	IRAffinity-

1S	Fourier	transform	infrared	spectrophotometer.	The	mass	spectra	

were	obtained	by	Bruker	microTOFq	Mass	Spectrometers	to	obtain	

low	 and	 high	 resolution	 spectra	 using	 Electron	 Ionisation	 (EI)	 or	

Electrospray	 Ionisation	 (ESI)	 techniques.	 UV,	 PL	 and	

photoluminescence	 quantum	 yields	 were	 measured	 on	 a	 Horiba	

Duetta	 two-in-one	 Fluorescence	 and	 Absorbance	 Spectrometer.	

Both	absorption	and	emission	solutions	 for	 reference	and	samples	

had	 a	 concentration	 of	 10
-6
	 M.	 Cyclic	 voltammetry	 (CV)	

measurements	 were	 obtained	 using	 a	 CH	 Instruments	 602E	

electrochemical	 workstation	 with	 iR	 compensation	 using	 dry	

dichloromethane.	Thermogravimetric	analysis	was	conducted	using	

a	 Netzsch	 TG	 209	 F3	 Tarsus	 Thermogravimetric	 Analyser	 under	 a	

constant	 flow	 of	 nitrogen.	 Differential	 scanning	 calorimetry	 was	

determined	 on	 a	 Netzsch	 DSC	 214	 Polyma	 instrument	 under	 a	

constant	flow	of	nitrogen.	

	

Ligands	11a	and	11b.	For	the	synthesis	of	11a	and	11b,	methods	of	

Qian	et	al.	 [42]	were	adapted	as	follows:	2-bromoquinoline	9,	3/4-
formylphenylboronic	acid	10a/10b	and	potassium	carbonate	 (1	M)	

were	 dissolved	 in	 THF.	 The	mixture	was	 degassed	 for	 10	minutes	

and	 then	 dichlorobis-(triphenylphosphine)palladium(II)	was	 added.	

The	 reaction	 mixture	 was	 refluxed	 for	 24	 h	 under	 argon	

atmosphere.	 After	 removing	 the	 solvent,	 the	 crude	 product	 was	

dissolved	 in	dichloromethane	and	washed	with	water	 (3	 ×	 20	ml).	

The	organic	 layer	was	dried	over	sodium	sulfate	and	 then	 filtered.	

Upon	 concentration	 under	 reduced	 pressure	 and	 purification	 by	

chromatography	the	title	compounds	11a	and	11b	were	obtained.		

11a:	[43,44]	A	mixture	of	2-bromoquinoline	9	 (463	mg,	2.2	mmol),	

3-formylphenylboronic	 acid	 10a	 (500	 mg,	 3.4	 mmol),	 potassium	

carbonate	 (1	 M,	 27	 ml)	 and	 dichlorobis(triphenylphosphine)-

palladium(II)	 (33	mg,	 0.046	mmol)	 in	 THF	 (15	ml)	were	 reacted	as	

described	 above,	 and	 the	 crude	 product	 purified	 by	 flash	 column	

chromatography	 (ethyl	 acetate:hexane,	 1:7	 v/v)	 to	 give	 11a	 (414	
mg,	80%)	as	a	white	solid.	

1H	NMR	(600	MHz,	CDCI3)	δ	(ppm):	10.17	
(s,	1H),	8.69	(s,	1H),	8.49	(d,	J	=	7.8	Hz,	2H),	8.28	(d,	J	=	8.6	Hz,	1H),	
8.19	(d,	J	=	8.4	Hz,	1H),	7.99	(d,	J	=	7.6	Hz,	1H),	7.94	(d,	J	=	8.6	Hz,	
1H),	7.86	(d,	J	=	8.1	Hz,	1H),	7.76	(t,	J	=	7.7	Hz,	1H),	7.70	(t,	J	=	7.6	
Hz,	 1H),	 7.57	 (t,	 J	 =	 7.6	Hz,	 1H).	 FT-IR	 (ῡ	 cm-1):	 2875,	 2866,	 2852,	
2829,	2809,	2757,	1689.	

11b:	 [45]	A	mixture	of	2-bromoquinoline	9	 (231	mg,	1.1	mmol),	4-

formylphenylboronic	 acid	 10b	 (250	 mg,	 1.7	 mmol),	 potassium	

carbonate	 (1	 M,	 14	 ml)	 and	 dichlorobis-

(triphenylphosphine)palladium(II)	 (16	mg,	 0.023	mmol)	 in	 THF	 (10	

ml)	 were	 reacted	 as	 descirbed	 above	 and	 purified	 by	 preparative	

thin	 layer	 chromatography	 (ethyl	 acetate:dichloromethane,	 1:18	

v/v),	to	give	11b	(226	mg,	87%)	as	a	white	solid.
	1H	NMR	(600	MHz,	

CDCI3)	δ	(ppm):	10.11	(s,	1H),	8.35	(d,	J	=	8.2	Hz,	2H),	8.27	(d,	J	=	8.6	
Hz,	1H),	8.18	(d,	J	=	8.5	Hz,	1H),	8.04	(d,	J	=	8.1	Hz,	2H),	7.92	(d,	J	=	
8.5	Hz,	1H),	7.86	 (d,	 J	 =	8.1	Hz,	1H),	7.77	 (dd,	 J	 =	8.4,	1.4	Hz,	1H),	
7.57	 (d,	 J	 =	 7.3	 Hz,	 1H).	 FT-IR	 (ῡ	 cm-1):	 2925,	 2866,	 2817,	 2790,	
2765,	1682.	

Diiridium	 complexes	 D3a	 and	 D3b.	 For	 the	 synthesis	 of	D3a	 and	
D3b	methods	of	Sprouse	et	al.	[46]	were	adapted	as	follows:	iridium	

trichloride	hydrate	(IrCI3.xH2O)	and	the	ligand	11a/11b	were	mixed	

in	 a	3:1	mixture	of	 2-ethoxyethanol:water	 (v/v).	 	 The	mixture	was	

degassed	 for	 10	 minutes	 and	 was	 then	 heated	 at	 110°C	 for	 24	h	

under	argon	atmosphere.	After	cooling,	the	precipitate	was	filtered	

off	and	then	washed	with	ethanol	to	afford	the	title	complexes	D3a	
and	 D3b	 as	 solids.	 Both	 diiridium	 complexes	 D3a	 and	 D3b	 were	
used	in	the	next	step	without	further	purifications.	

D3a:	 A	 mixture	 of	 IrCI3.xH2O	 (116	 mg,	 0.4	 mmol)	 and	 ligand	 11a	
(226	mg,	0.97	mmol)	in	2-ethoxyethanol:water	(12	ml,	3:1	v/v)	gave	

D3a	(160	mg,	%	60)	as	an	orange	solid.	
1H	NMR	(600	MHz,	CDCI3)	δ	

(ppm):	9.75	(s,	1H),	8.49	–	8.32	(m,	1H),	8.22	–	8.01	(m,	1H),	8.01	–	

7.79	(m,	2H),	7.56	–	7.43	(m,	1H),	7.32	(s,	1H),	6.98	–	6.68	(m,	2H),	

5.95	(s,	1H).	

D3b:	 A	mixture	 of	 IrCI3.xH2O	 (227	 mg,	 0.8	 mmol)	 and	 ligand	 11b	
(443	mg,	1.9	mmol)	in	2-ethoxyethanol:water	(16	ml,	3:1	v/v)	gave	

D3b	 (350	mg,	67%)	as	a	dark	 red-brown	solid.
	 1H	NMR	 (600	MHz,	

d6-DMSO)	δ	(ppm):	9.47	(s,	1H),	9.42	–	9.34	(m,	1H),	8.69	(d,	J	=	8.6	
Hz,	1H),	8.54	(d,	J	=	8.7	Hz,	1H),	8.19	(d,	J	=	8.0	Hz,	1H),	8.15	–	8.09	
(m,	1H),	7.71	–	7.63	(m,	2H),	7.36	(d,	J	=	7.9	Hz,	1H),	6.65	(s,	1H).	

Heteroleptic	iridium(III)	complexes	K3a	and	K3b.	For	the	synthesis	
of	K3a	 and	K3b	 methods	 of	 Lamansky	 et	 al.	 [6]	 were	 adapted.	 A	

mixture	 of	 diiridium	 complex	 D3a/D3b,	 acetyl	 acetone,	 sodium	

carbonate	 and	 2-ethoxyethanol	 was	 degassed	 under	 argon	 for	 15	

minutes.	The	reaction	mixture	was	then	heated	at	100	°C	for	15	min	



	

	 	

and	was	 allowed	 to	 cool	 to	 room	 temperature.	 After	 cooling,	 the	

precipitate	was	filtered	off	and	then	dissolved	in	dichloromethane.	

The	 organic	 layer	was	washed	with	water	 (3	 ×	 20	ml),	 dried	 over	

sodium	 sulfate	 and	 then	 filtered.	 Upon	 concentration	 under	

reduced	 pressure	 and	 purification,	 the	 title	 compounds	 K3a	 and	
K3b	were	obtained.	

K3a:	A	mixture	of	D3a	(227	mg,		0.16	mmol),	acetyl	acetone	(41	mg,	

0.41	 mmol)	 and	 sodium	 carbonate	 (122	 mg,	 1.15	 mmol)	 in	 2-

ethoxyethanol	 (16	 ml)	 were	 reacted	 as	 above.	 Upon	 preparative	

thin	layer	chromatography	(ethyl	acetate:dichloromethane,	1:9	v/v)	

and	 recrystallisation	 from	 a	 mixture	 of	 dichloromethane:acetone	

(1:1	 v/v)	 K3a	 (100	 mg,	 41%)	 was	 prepared	 as	 orange	 crystals.
	 1H	

NMR	(600	MHz,	d6-DMSO)	δ	(ppm):	9.89	(s,	1H),	8.37	(d,	J	=	8.9	Hz,	
1H),	8.35	–	8.31	(m,	2H),	8.24	(d,	J	=	8.7	Hz,	1H),	7.87	(dd,	J	=	8.2,	1.6	
Hz,	1H),	7.55	(ddd,	 J	=	8.1,	6.7,	1.2	Hz,	1H),	7.48	(ddd,	J	=	8.6,	6.9,	
1.6	Hz,	1H),	7.08	 (dd,	 J	 =	8.0,	1.7	Hz,	1H),	6.73	 (d,	 J	 =	8.0	Hz,	1H),	
4.65	 (s,	1H),	1.51	 (s,	3H).	

13C	NMR	(150	MHz,	 	d6-DMSO)	δ	 (ppm):	

192.0,	185.8,	168.9,	164.1,	148.8,	148.4,	139.0,	136.7,	131.0,	130.9,	

130.0,	128.1,	127.5,	126.7,	126.2,126.1,	116.8,	100.3,	28.1.	FT-IR	(ῡ	
cm-1):	3055,	2820,	2721,	1676.	MS	(ESI,	m/z):	779.1480	([M+Na]

+
).	

HRMS	 (ESI,	 m/z):	 calcd	 for	 C37H27N2NaO4Ir,	 [M+Na]
+
,	 777.1469,	

found	for	[M+Na]
+
		777.1435	(Error	:	+4.3	ppm).

	

K3b:	A	mixture	of	D3b	(85	mg,		0.13	mmol),	acetyl	acetone	(33	mg,	

0.33	 mmol)	 and	 sodium	 carbonate	 (99	 mg,	 0.94	 mmol)	 in	 2-

ethoxyethanol	 (12	 ml)	 were	 reacted	 as	 above.	 Upon	 preparative	

thin	layer	chromatography	(ethyl	acetate:dichloromethane,	1:9	v/v)	

and	 recrystallisation	 from	 a	 mixture	 of	 dichloromethane:acetone	

(1:1	 v/v),	 K3b	 (40	 mg,	 20%)	 was	 prepared	 as	 dark	 red-brown	

crystals.
	1H	NMR	(600	MHz,	CDCI3)	δ	(ppm):

	
9.54	(s,	1H),	8.38	(d,	J	=	

9.0	Hz,	1H),	8.31	(d,	J	=	8.7	Hz,	1H),	8.19	(d,	J	=	8.6	Hz,	1H),	7.99	(d,	J	
=	8.1	Hz,	1H),	7.86	(d,	J	=	8.0	Hz,	1H),	7.54	(t,	J	=	7.4	Hz,	1H),	7.50	
(dt,	J	=	8.2,	1.5	Hz,	1H),	7.45	(ddd,	J	=	8.7,	6.8,	1.6	Hz,	1H),	6.97	(d,	J	
=	1.7	Hz,	1H),	4.62	(s,	1H),	1.48	(s,	3H).	

13C	NMR	(150	MHz,		CDCI3)	δ	
(ppm):

		
193.3,	185.7,	169.0,	153.5,	150.2,	149.2,	138.8,	138.4,	135.2,	

131.0,	128.0,	127.6,	126.8,	126.4,	126.0,	122.0,	117.3,	100.1,	28.1.	

FT-IR	 (ῡ	 cm-1):	 3072,	 2819,	 2711,	 1689.	MS	 (ESI,	 m/z):	 779.1487	
([M+Na]

+
).	 HRMS	 (ESI,	 m/z):	 calcd	 for	 C37H27N2NaO4Ir,	 [M+Na]

+
,	

777.1469,	found	for	[M+Na]
+
		777.1451	(Error	:	+2.3	ppm)	

3.	Results	and	discussion	
Synthesis:	Complexes	K3a	and	K3b	were	synthesised	in	three	steps	
as	depicted	in	Scheme	1.		

	

Scheme	 1.	 Synthesis	 of	 biscyclometallated	 iridium(III)	

acetylacetonate	 complexes	 (K3a	 and	 K3b).	 i)	 10a/10b,	 K2CO3,	

PdCI2(PPh3)2,	 90°C,	 24	 h.	 ii)	 IrCI3.xH2O,	 2-ethoxyethanol:water,	

110°C,	24	h.	iii)	Acetylacetone,	Na2CO3,	2-ethoxyethanol,	100°C,	15	

min.	

The	 synthesis	 began	 with	 the	 Suzuki-Miyaura	 couplings	 of	 2-

bromoquinoline	 9	 and	 3-formylphenylboronic	 acid	 10a	 or	 4-
formylphenylboronic	acid	10b,	 following	the	methods	of	Qian	et	al	

[42].	 Upon	 purification	 by	 chromatography	 ligands	 11a	 and	 11b	
were	obtained	 in	good	yields	 (80%	and	87%,	respectively).	Ligands	

11a	and	11b	were	also	reported	by	others	[43-45].	Ligands	11a	and	
11b	 were	 then	 submitted	 to	 the	 cyclometallating	 reaction	 with	

iridium(III)	chloride	in	a	mixture	of	2-ethoxyethanol	and	water	[46].	

These	gave	chloro-bridged	diiridium(III)	complexes	D3a	and	D3b	 in	
moderate	 yields	 (60-67%).	 Diiridium(III)	 complexes	 D3a	 and	 D3b,	
without	 further	 purification,	 were	 finally	 submitted	 to	 a	 bridge-

splitting	 reaction	 with	 acetylacetone	 in	 the	 presence	 of	 sodium	

carbonate	 [6].
	
Upon	 preparative	 thin	 layer	 chromatography	 and	

recrystallisation	 from	 a	 mixture	 of	 dichloromethane	 and	 acetone,	

complexes	K3a	 and	 K3b	were	 obtained	 as	 orange	 and	 red-brown	
crystals,	 respectively.	 In	 comparison	 to	K3a,	K3b	 was	 less	 soluble	
and	 less	 stable	 in	 solution.	 Complexes	 K3a	 and	 K3b	 were	 fully	
characterised	by	NMR,	FT-IR	and	MS.	Experimental	details	are	given	

in	the	Supplementary	Material.	



	 	

	 	

Thermal	properties:	The	thermal	properties	of	ligands	11a	and	11b	
and	 complexes	 K3a	 and	 K3b	 were	 investigated	 by	

thermogravimetric	 analyses	 (TGA).	 Ligands	 11a	 and	 11b	 were	
heated	to	650°C	and	complexes	K3a	and	K3b	were	heated	to	800°C,	
with	 a	 heating	 rate	 of	 20°C/min	 under	 nitrogen	 atmosphere.	 The	

decomposition	 temperatures	 (Td
5%
)	 corresponding	 to	 5%	 weight	

losses	for	ligands	11a	and	11b	were	244°C	and	233°C,	respectively,	
and	 for	 complexes	 K3a	 and	 K3b	 were	 303°C	 and	 313°C,	

respectively.	 TGA	 curves	 of	 all	 compounds	 11a-b	 and	 K3a-b	 are	
depicted	 in	 Figure	 1.	 These	 observations	 suggest	 that	 complexes	

K3a	 and	 K3b	 have	 similar	 thermal	 stabilities	 to	 those	 of	 other	

reported	iridium(III)	acac	complexes	[37,47]	and,	 if	needed,	can	be	

vacuum	evaporated	and,	under	operating	conditions	of	OLEDs,	will	

not	be	decomposed	readily	until	300°C.	

	

Figure	1.	TGA	curves	of	compounds	11a-b	and	K3a-b.	

The	thermal	properties	of	 ligands	11a	and	11b	and	complexes	K3a	
and	K3b	were	also	investigated	by	differential	scanning	calorimetry	

(DSC).	All	 compounds	11a-b	 and	K3a-b	were	 first	heated	 to	450°C	
and	then	cooled	down	to	room	temperature	with	a	heating	rate	of	

20°C/min	under	a	nitrogen	atmosphere.	Both	 ligands	11a	and	11b	
and	complexes	K3a	and	K3b	showed	only	clear	melting	transitions	-	

ligands	11a	and	11b	at	95°C	and	86°C,	and	complexes	K3a	and	K3b	
at	 314°C	 and	 321°C,	 respectively.	 Upon	 first	 cooling	 and	 second	

heating,	no	phase	transitions	for	any	of	the	compounds	11a-b	and	
K3a-b	 were	 observed.	 Meanwhile,	 only	 complex	 K3b	 exhibited	 a	
glass	 transition	process	 at	 178°C.	 In	 addition,	 ligands	11a	 and	11b	
decompose	 at	 or	 above	 414°C	 and	 393°C,	 respectively,	 giving	 a	

black	 charcoal-like	 residue.	 This	 observation	 suggests	 that	 under	

the	operating	conditions	of	OLEDs,	with	K3a	no	phase	segregation	
should	occur	 in	a	host-dopant	matrix	 [48].	Figure	2	shows	the	DSC	

curves	of	compounds	11a-b	and	K3a-b,	and	the	thermal	properties	

of	these	compounds	are	summarised	in	Table	1.	

	

Figure	2.	DSC	curves	of	ligands	11a	and	11b	and	complexes	K3a	and	
K3b.	

Table	1.	Thermal	properties	of	ligands	11a	and	11b	
and	complexes	K3a	and	K3b.	

Compounds	 Tm	(°C)	 Td
5%
	(°C)	 Tg	(°C)	

11a	 95	 244	 -	

11b	 86	 233	 -	

K3a	 314	 303	 -	

K3b	 321	 313	 			178	

	

Electrochemical	 Properties:	 Electrochemical	 redox	 behaviours	

(reduction	 and	 oxidation)	 of	 ligands	 11a	 and	 11b	 and	 complexes	
K3a	 and	 K3b	 were	 investigated	 by	 cyclic	 voltammetry	 (Figure	 3).	

Both	 positive	 and	 negative	 scans	 were	 carried	 out	 in	

dichloromethane	 under	 argon	 atmosphere	 using	

tetrabutylammonium	 hexafluorophosphate	 (0.1	 M)	 as	 the	

electrolyte.	A	conventional	three-electrode	system	was	used,	with	a	

Pt	disk	as	the	working	electrode,	Ag	wire	as	the	reference	electrode	

and	 Pt	 wire	 as	 the	 counter	 electrode.	 The	 ferrocene-ferrocenium	

(Fc/Fc
+
)	redox	couple	was	used	as	an	internal	reference.	

	

Figure	3.	Cyclic	voltammograms	(CV)	of	ligands	11a	and	11b	and	
complexes	K3a	and	K3b	in	dichloromethane,	scan	rate	100	mV/s.		



	

	 	

At	 positive	 potentials,	 ligands	11a	 and	11b	 exhibited	one-electron	
irreversible	 oxidation	 (E

ox
onset)	 peaks	 at	 1.17	 V	 and	 1.02	 V,	

respectively.	 As	 expected,	 complexes	 K3a	 and	 K3b	 exhibited	 a	
single-electron	 reversible	 oxidation	 (E

ox
1/2)	 peak	 at	 0.69	 V	 and	 a	

quasi-reversible	 oxidation	 (E
ox
1/2)	 peak	 at	 0.60	 V,	 respectively.	

Similar	to	most	cyclometallated	iridium(III)	complexes	[31,37],	these	

lower	oxidation	potentials	were	assigned	to	the	Ir
III
/Ir

IV
	couple.	With	

respect	 to	 the	 oxidation	 potential	 of	 bis(2-phenylquinolyl)-

iridium(III)acetylacetonate	 [Ir(pq)2acac]	 (E1/2
ox
=0.40	 V)	 [32],	 the	

formyl	group	on	the	phenyl	 ring	 increases	 the	oxidation	potentials	

of	complexes	K3a	and	K3b.	In	addition	to	that,	the	formyl	group	at	

the	 para	 position	 to	 the	 iridium	 (K3a)	 increases	 the	 oxidation	
potential	more	than	that	of	the	meta	position	to	the	iridium	(K3b).	
Similar	 observations	 with	 a	 fluorine	 substituent	 were	 reported	 in	

the	work	of	Zhang	et	al	[31].	

At	 negative	 potentials,	 all	 compounds	 exhibited	 one-electron	

irreversible	reduction	(E
red

onset)	peaks	at	-1.68	V,	-1.80	V,	-1.79	V	and	

-1.94V	for	11a,	11b,	K3a	and	K3b,	respectively.		

EHOMO	 (the	 highest	 occupied	 molecular	 orbital)	 and	 ELUMO	 (the	

lowest	 unoccupied	molecular	 orbital)	 energy	 levels	 of	 ligands	11a	
and	11b	and	complexes	K3a	and	K3b	were	calculated	from	the	half-

wave	 oxidation/reduction	 potentials	 or	 from	 the	 onset	 of	

irreversible	 oxidation/reduction	 waves.	 For	 this	 the	 following	

equations,	EHOMO=	-(4.8	+	E
	ox

1/2)	and	ELUMO=	-(4.8	+	Eonset
red
)	are	used	

[49],	 in	 which	 4.8	 eV	 was	 taken	 as	 the	 HOMO	 energy	 level	 of	

ferrocene	 (below	 vacuum	 level)	 [50].	 The	 energy	 gap	 (Eg)	 was	

calculated	 both	 from	 electrochemical	 data	 (equation	 1)	 and	 from	

optical	data	(equation	2).	

Eg
elec	

=	ELUMO-EHOMO	(1)	

								Eg
opt	

=	1240/λonset
abs
	(2)	[51-53]	

The	optical	energy	gap	 (Eg
opt
)	was	higher	 than	 the	electrochemical	

energy	 gap	 (Eg
elec

)	 for	 ligands	 11a	 and	 11b,	 but	 was	 lower	 for	
complexes	K3a	and	K3b.	The	energy	levels	are	depicted	in	Figure	4.	
The	 oxidation	 and	 reduction	 potentials	 and	 the	 HOMO-LUMO	

energy	levels	of	all	compounds	are	summarised	in	Table	2.			

	

Figure	4.	Energy	levels	of	ligands	11a	and	11b	and	complexes																							

K3a	and	K3b.	

Table	2.	Reduction	and	oxidation	potentials	and	energy	gaps	

of	ligands	11a	and	11b	and	complexes	K3a	and	K3b.		
Compounds	 Eonset

red	

(V)	

ELUMO	

(eV)	

E1/2
ox
	

(V)	

EHOMO	

(eV)	

Eg
elec

/Eg
opt
	

(eV)	

11a	 -1.68	 -3.12	 0.93	

(Eonset)	

-5.73	 2.61/3.24	

11b	 -1.80	 -3.00	 1.02	

(Eonset)	

-5.82	 2.82/2.99	

K3a	
	

K3b														

-1.79	

	

-1.94	

-3.01	

	

-2.87	

0.69	

	

0.60	

-5.49	

	

-5.40	

2.48/2.17	

	

2.53/1.97	

	

It	has	been	reported	for	similar	Ir(III)	complexes	that	the	HOMO	lies	

mainly	on	the	phenyl	 ring-iridium	metal	and	the	LUMO	lies	mainly	

on	 the	 quinoline	 ring	 [27,54].	 The	 formyl	 group	 is	 para	 to	 the	
iridium	in	complex	K3a	and	hence	its	electron	withdrawing	effect	is	
more	pronounced,	thus	the	EHOMO	of	K3a	 is	stabilised	compared	to	

K3b,	where	the	formyl	group	is	meta	to	iridium.	In	ligands	11a	and	
11b,	the	effect	of	extended	conjugation	due	to	the	formyl	group	is	

more	pronounced	than	the	electron	withdrawing	effect,	hence	11b,	
where	the	formyl	group	is	para	to	the	quinoline	ring,	has	a	smaller	

energy	 gap	 than	 11a,	 where	 the	 formyl	 group	 is	 meta	 to	 the	
quinoline	ring.		

Optical	 properties:	 The	 absorption	 and	 photoluminescence	 (PL)	

properties	 of	 complexes	 K3a	 and	 K3b	 in	 dichloromethane	 were	

investigated	 by	 using	 a	 Duetta	 Fluorescence	 and	 Absorbance	

Spectrometer.	 As	 seen	 in	 Figure	 5,	 complexes	 K3a	 and	 K3b	
exhibited	 two	 main	 absorption	 bands:	 high-energy	 strong	 bands	

and	 low-energy,	 very	weak	broad	bands.	 The	 former	bands	below	

400	 nm,	 resembling	 the	 absorption	 of	 the	 corresponding	 free	

ligands	 11a	 and	 11b	 (see	 SM,	 Figure	 S24)	 with	 a	 slight	 red	 shift,	

were	assigned	to	spin-allowed	singlet	states	of	ligand-centred	(
1
LC)	

and	 metal-to-ligand	 charge	 transfer	 (
1
MLCT)	 transitions.	 The	 low-

energy,	 very	 weak	 broad	 bands	 above	 400	 nm,	 missing	 in	 the	

ligands’	 absorption	 spectra,	were	 assigned	 to	 a	mixture	 of	 a	 spin-

forbidden	 triplet	 state	 of	 ligand-centred	 (
3
LC)	 and	metal-to-ligand	

charge	 transfer	 (
3
MLCT)	 transitions.	 These	 assignments	 were	 in	

accordance	with	previously	reported	work	[31,34,55].	



	 	

	 	

	

Figure	5.	UV-Vis	spectra	of	complexes	K3a	and	K3b	in	
dichloromethane.		

The	photoluminescence	properties	of	complexes	K3a	and	K3b	were	
investigated	in	degassed	dichloromethane	solution	and	the	spectra	

are	 presented	 in	 Figure	 6.	 Upon	 excitation	 at	 low-energy	 bands	

(λexc>350	nm),	 complexes	K3a	 and	K3b	 gave	yellowish-orange	and	

red	 phosphorescence	 emissions	 at	 579	 nm	 and	 630	 nm,	

respectively.	 With	 respect	 to	 Ir(pq)2acac	 (λem=597	 in	 2-

methyltetrahydrofuran	 [6]	or	599	nm	 in	 tetrahydrofuran	 [32]),	 the	

emission	of	K3a	was	∼20	nm	blue-shifted,	whereas	the	emission	of	

K3b	 was	 ∼31	 nm	 red-shifted.	 The	 blue	 shift	 indicates	 that	 the	

electron	withdrawing	ability	of	 the	formyl	group	when	at	 the	para	
position	 to	 the	 iridium	 (K3a)	 is	 more	 pronounced.	 The	 red	 shift	

indicates	a	stronger	contribution	from	the	conjugation	effect	of	the	

formyl	group	when	at	the	meta	position	to	the	iridium	(K3b).			

Upon	 excitation	 at	 the	 highest	 energy	 bands	 (λexc<286	 nm),	

complexes	 K3a	 and	 K3b	 gave	 both	 fluorescence	 and	

phosphorescence	 emissions	 (see	 SM,	 Figure	 S19).	 The	 observed	

fluorescence	 emission	 was	 similar	 to	 the	 emissions	 of	 ligand	 11a	
and	 11b	 (see	 SM,	 Figure	 S20).	 Phosphorescence	 emission	 only	

appeared	 upon	 de-aeration.	 At	 the	 highest	 energy	 excitations,	 it	

seems	 that	 intersystem	 crossing	 is	 not	 very	 effective	 between	

singlet	states	(
1
LC/

1
MLCT)	and	triplet	states	(

3
LC	/

3
MLCT).		

	

	

Figure	6.	PL	spectra	of	complexes	K3a	and	K3b	in	degassed	
dichloromethane.							

Quantum	 Yields:	 Relative	 fluorescent	 quantum	 yields	 (φFL)	 of	

ligands	11a	and	11b	were	determined	in	dichloromethane	by	using	

Rhodamine	B	 (φFL=49%	 in	 ethanol,	λexc=	 330	nm)	 as	 the	 reference	

[56].	Ligands	11a	and	11b	were	poorly	emissive,	φFL	of	which	were	

0.20%	 and	 0.22%,	 respectively.	 The	 relative	 phosphorescent	

quantum	 yields	 (φPL)	 of	 complexes	K3a	 and	K3b	 were	 determined	

using	 Ir(ppy)3	 (φPL=40%	 in	 toluene,	 λexc=	 400-450	 nm)	 as	 the	

reference	[23],	after	degassing	with	nitrogen	for	5	minutes.	The	φPL	

values	 of	 complexes	 K3a	 and	 K3b	 were	 99.3%	 and	 79.3%,	
respectively.	An	estimated	error	in	quantum	yield	calculations	is	ca.	

7-32%.	 The	 details	 of	 the	 calculations	 can	 be	 found	 in	 the	

Supplementary	 Material	 section.	 Both	 complexes	 were	 highly	

emissive	 in	 comparison	 to	 Ir(pq)2acac	 (φPL=10%	 in	 2-

methyltetrahydrofuran	 [6]	 or	 12%	 in	 tetrahydrofuran	 [32]).	 It	 is	

noteworthy	 that	complex	K3a,	 in	which	 the	 formyl	group	 is	at	 the	

para	 position	 to	 the	 iridium,	 is	 significantly	 more	 emissive	 than	

complex	K3b,	 in	which	the	formyl	group	 is	at	the	meta	position	to	
the	iridium.	The	photophysical	data	are	summarised	in	Table	3.	

Table	3.	Photophysical	data	for	ligands	11a	and	11b	and	complexes	

K3a	and	K3b.	
Compounds	 λabs	(nm)		

[ε,	105	L.mol-1.cm-1]a	
λem	
[nm]b	

φ	

11a	 251	[0.340],	306	[0.056],	340	

[0.024]	

368	 0.2
d
	

11b	 276	[0.352],	306	[0.227],	340	

[0.111]	

385	 0.2
d
	

K3a	 272	 [1.201],	 333	 [0.597],	 369	

[0.291],	 450	 [0.092],	 487	 [0.049],	

536	[0.019]	

579
c
	 99.3

e
	

K3b	 279	 [0.897],	 291	 [0.922],	 335	

[0.456],	 351	 [0.413],	 481	 [0.082],	

542	[0.041]	

630
c
	 73.9

e
	

a
	Absorption	measured	in	dichloromethane.	

b
	Emission	measured	in	

dichloromethane.	
c
	 Degassed	 for	 5	 min.	

d	
Measured	 in	

dichloromethane	 relative	 to	Rhodamine	B	 (φ=0.49	 in	ethanol)	 [56]	

with	 330	 nm	excitation.
	 e
	Measured	 in	 toluene	 relative	 to	 Ir(ppy)3	



	

	 	

(φ=0.40	in	toluene)	[23]	with	450	nm	excitation.	See	Supplementary	

Material	(SM)	for	details.	

Electroluminescent	properties:	Electroluminescence	(EL)	properties	

of	 complexes	 K3a	 and	 K3b	 were	 investigated	 by	 fabricating	
solution-processed	 phosphorescent	 organic	 light	 emitting	 diodes	

(PhOLEDs).	 The	 device	 configuration	 was	 ITO/PEDOT:PSS/EML/	

TPBi/LiF/Al	 as	 depicted	 in	 Figure	 7a.	 In	 this	 configuration,	

commercial	 indium-doped	 tin	 oxide	 (ITO)	 was	 used	 as	 the	 anode	

and	 poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)	

(PEDOT:PSS)	was	used	as	a	hole	 injection	 layer	 (HIL).	The	emissive	

layer	 (EML)	 was	 fabricated	 by	 mixing	 three	 different	 materials:	

poly(9-vinylcarbazole)	 (PVK),	 2-(4-tert-butylphenyl)-5-(4-

biphenylyl)-1,3,4-oxadiazole	 (PBD)	 and	 complex	 K3a/K3b.	 In	

PhOLED	devices,	PVK	is	frequently	used	as	a	host	material	[57],	but	

a	blend	of	PVK	and	PBD	was	also	reported	[58-62]	as	a	mixed	host	

system,	in	which	PVK	acts	as	a	hole-transporting	host	and	PBD	acts	

as	the	first	electron	transport	host.	The	weight	percent	ratio	of	the	

PVK:PBD	host	component	was	fixed	as	1:0.4	according	to	previously	

reported	 literature	 [63].	 This	 was	 an	 efficient	 ratio	 to	 reduce	 the	

risk	 of	 excimer	 formation	 and	 to	 increase	 device	 stability	 [64].	

Meanwhile,	 we	 also	 tried	 to	 fabricate	 the	 OLED	 without	 adding	

PBD.	Complexes	K3a	and	K3b	were	used	as	dopant	and	emitter	with	

a	varying	weight	percentage	(wt%)	ratio	of	5,	8	and	10.	In	all	devices	

1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene)	 (TPBi)	 was	 used	

as	a	second	electron	transport	layer	and	hole	blocking	layer	[65,66].	

Lithium	 fluoride	 (LiF)	was	 used	 as	 the	 electron	 injection	 layer	 and	

Aluminum	(Al)	was	used	as	the	cathode.		

 
The	HOMO	and	LUMO	energy	levels	and	chemical	structures	of	the	

materials	 used	 in	 the	 PhOLEDs	 are	 depicted	 in	 Figures	 7b-c.	 The	

HOMO	 and	 LUMO	 energy	 levels	 of	 complexes	K3a	 and	K3b	 were	
within	those	of	the	host	PVK.	Therefore,	the	complexes	can	harvest	

holes	and	electrons	within	the	EML	[67].	Electron	injection	from	the	

cathode	 could	 have	 been	 made	 easier	 by	 a	 second	 electron	

transport	layer	(TPBi).	However,	the	hole	injection	barrier	between	

the	anode/PEDOT:PSS	and	the	host	PVK	was	still	high,	which	could	

cause	high	turn-on	voltages	for	devices.		

	

	

	

Figure	 7.	 (a)	 Device	 configuration	 in	 which	 the	 thickness	 of	

PVK:PBD:Ir	 is	 variable	 depending	 on	 the	 ratio,	 (b)	 HOMO-LUMO	

energy	 levels	 and	 (c)	 chemical	 structures	 of	 the	materials	 used	 in	

electroluminescent	studies.	

	

Current	 density-voltage	 (J-V),	 luminance-voltage	 (L-V),	 current	

efficiency-voltage	 and	 power	 efficiency-voltage	 characteristics	 of	

the	 PhOLEDs	 made	 with	 complexes	 K3a	 and	 K3b	 are	 plotted	 in	
Figure	8.	The	lowest	turn-on	voltages	of	4.0	V	(K3a)	and	5.0	V	(K3b)	
were	recorded	for	the	PhOLEDs	made	with	10	wt%	complexes.	The	

highest	power	efficiency	was	recorded	for	device	A	with	a	value	of	
1.05	 lm/W	 at	 9.6	 V.	 This	 power	 efficiency	 was	 comparable	 to	

reported	literatures	for	red	PhOLEDs	[19,68,69].	

	

	

	

	

	

	

	



	 	

	 	

	

Figure	8.	(a)	Current	density-voltage,	(b)	luminance-voltage,	(c)	current	efficiency-voltage	and	(d)	power	efficiency-voltage	graphs	of	

complexes	K3a	and	K3b.	A:	PVK	+	5	wt%	K3a,	B:	PVK	+	8	wt%	K3a,	C:	PVK	+	8	wt%	K3a	+	40	wt%	PBD,	D:	PVK	+	10	wt%	K3a	+	40	wt%	
PBD,	E:	PVK	+	5	wt%	K3b,	F:	PVK	+	8	wt%	K3b,	G:	PVK	+	10	wt%	K3b	+	40	wt%	PBD.		

	
A	 number	 of	 different	 OLED	 devices	 were	 fabricated	 with	

complexes	K3a	 and	K3b	 (Table	 4).	 An	 OLED	 device	made	without	

TPBi	gave	no	electroluminescence	at	all,	indicating	that	the	electron	

injecting	 barrier	 between	 the	 cathode	 (LiF/Al)	 and	 PVK	 was	 high	

(Figure	7b).	In	devices	made	with	TPBi,	the	EL	spectra	of	complexes	

K3a	and	K3b	showed	three	emission	peaks	(Figure	9a),	two	of	which	

were	very	low	intensity	whilst	the	other	was	of	high	intensity.	Low	

intensity	 emissions	 at	 435	 nm	 and	 450	 nm	were	 from	 the	mixed	

PVK:PBD	 host,	 indicating	 incomplete	 energy	 transfer	 from	 host	 to	

dopant	 [55,57,70,71].	 High	 intensity	 emissions	 (572	 nm	 and	 628	

nm)	were	from	the	doped	iridium	complexes	(K3a	and	K3b).		

Complexes	 K3a	 and	 K3b	 have	 Commission	 International	

deI’Eclairage	(CIE)	coordinates	(x,y)	of	(0.51,	0.47)	and	(0.56,	0.34),	

respectively,	 which	 correspond	 to	 yellowish-orange	 and	 red	

emissions	 (Figure	 9b).	 The	 EL	 spectra	 of	 complexes	 K3a	 and	 K3b	
were	 similar	 to	 the	PL	 spectra	 in	dichloromethane	 solution	with	 a	

slight	blue	shift	of	7	nm	and	2	nm,	respectively,	indicating	that	the	

emission	 originates	 from	 the	 same	 triplet	 states.	 The	 EL	 spectra	

remained	the	same	under	different	driving	voltages,	indicating	that	

EL	was	stable	[72].	

	



	

	 	

							

	

Figure	9.	(a)	EL	spectrum	and	(b)	CIE	coordinates	(x,y)		of	complexes	

K3a	 (	 )	 and	 K3b	 (	 ).	 Insets	 in	 (a)	 display	 light	 coming	 from	

devices.	

The	 device	 made	 from	 K3a	 with	 the	 composite	 ETL	 (PBD	 +	 TPBi)	

exhibited	 almost	 twice	 the	 luminescence	 (current	 and	 power	

efficiencies)	 of	 the	 single	 ETL	 (TPBi)	 device.	 It	 was	 revealed	 that	

using	 PBD	 increases	 device	 performance	 and	 decreases	 turn-on	

voltage.	 Also,	 if	 the	 ratio	 of	 complexes	 was	 increased,	 the	

luminescence	 values	 decreased	 due	 to	 quenching	 or	 triplet-triplet	

annihilation	 (TTA)	 [73].	 However,	 the	 best	 external	 quantum	

efficiency	(EQE)	value	was	found	for	device	A	(Table	4),	which	was	

prepared	with	5	wt%	of	K3a.	The	device	performances	of	complexes	

K3a	and	K3b	are	summarised	in	Table	4.	It	is	noted	that	devices	A-D	

made	 with	 K3a	 had	 a	 better	 luminance	 and	 peak	 current	

efficiencies	 than	devices	E-G	made	with	K3b.	 This	was	ascribed	 to	
the	higher	quantum	yield	of	K3a.	

	

	

Table	4.	Device	(A-G)	characteristics	of	PhOLEDs	made	with	

complexes	K3a	and	K3b.	
Device	 Turn				

on	(V)	
Lmax	

(cd/m2)	
CE	

(cd/A)	
EQE	
(%)	

PE	a/b															
(lm/W)	

CIE		
(x,y)	

	

	

A	 5.0	 2773	 3.3	 1.2	 1.05/0.81	

	

	

	

	

	

0.51,	0.47	

B	 5.0	 980	 1.8	 0.6	 0.69/0.43	 0.52,	0.47	

C	 4.8	 2224	 1.4	 0.5	 0.43/0.42	 0.51,	0.47	

D	 4.0	 2713	 1.9	 0.7	 0.88/0.87	 0.50,	0.46	

E	 -	 28	 0.1	 0.1	 0.03/0.02	 0.58,	0.33	

F	 7.4	 645	 0.5	 0.6	 0.13/0.10	 0.62,	0.33	

G	 5.0	 665	 0.2	 0.2	 0.09/0.08	 0.56,	0.34	

	

A:	PVK	+	5	wt%	K3a,	B:	PVK	+	8	wt%	K3a,	C:	PVK	+	8	wt%	K3a	+	40	
wt%	PBD,	D:	PVK	+	10	wt%	K3a	+	40	wt%	PBD,	E:	PVK	+	5	wt%	K3b,	
F:	PVK	+	8	wt%	K3b,	G:	PVK	+	10	wt%	K3b	+	40	wt%	PBD.		

Lmax:	Maximum	luminance	(Brightness),	CE:	Peak	current	efficiency,	

EQE:	 Peak	 external	 quantum	 efficiency,	 PE:	 Power	 efficiency,	
a
Maximum	values,	

b
Values	at	a	current	density	of	20	mA/cm

2
,	CIE:	

Commission	International	deI’Eclairage.	

4.	Conclusions	
In	this	report,	two	novel	quinoline-based	iridium(III)	complexes	K3a	
and	 K3b	 were	 synthesised	 in	 good	 yields.	 K3a	 and	 K3b	 carry	 a	
formyl	 group	 on	 the	 C-ring	 at	 the	 para-	 and	 meta-positions	 to	
iridium,	 respectively.	 Emission	 of	 the	 parent	 complex,	 Ir(pq)2acac,	

was	 20	 nm	 blue-shifted	 when	 the	 formyl	 group	 was	 at	 the	 para-
position	 to	 iridium	 (K3a)	 and	 was	 31	 nm	 red-shifted	 when	 the	

formyl	 group	 was	 at	 the	 meta-position	 with	 respect	 to	 iridium	

(K3b).	Grafting	a	 formyl	group	on	the	C-ring	significantly	 increased	

the	 quantum	 yields	 compared	 to	 the	 parent	 complex,	 Ir(pq)2acac,	

from	10-12%	to	99%	in	K3a	and	to	79%	in	K3b.	

Despite	 the	 chemical	 lability	 of	 the	 formyl	 group	 under	 some	

conditions,	 complexes	 K3a	 and	 K3b	 showed	 good	 thermal,	

electrochemical	 and	 electroluminescent	 stabilities.	 Complexes	K3a	
and	K3b	 were	 successfully	 used	 in	 PhOLEDs	 as	 dopants,	 giving	 EL	
emissions	at	572	nm	and	628	nm,	respectively.	These	results	clearly	

demonstrate	 the	 importance	 of	 structure	modification	 for	 finding	

better	dopant	candidates	in	OLEDs.		
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