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Abstract A series of cyclometalated iridium(Ill) complexes ([Ir(pgecm),(bpy)][PFs] (1), [Ir(pgcm),(dafo)[PFs] (2),
[Ir(pgcm)a(phen)][PFs] (3), [Ir(pgem)s(altpy)[PFe] (4), [Ir(pqcm)a(bbim)][PEe] (), [Ir(pgem)s(bvbbim)][PFe] (6), pgcm=
2-phenyl-quinoline-4-carboxylic acid methyl ester, bpy = 2,2'-bipyridine, dafo = 4,5-diazafluoren-9-one, phen = 1,10-
phenanthroline, altpy = 4'-allyloxy-2,2":6',2"-terpyridine, bbim = 2,2'-bibenzimidazole, bvbbim = 1,1'-diallyl-2,2'-bibenz-
imidazole) were synthesized with cyclometalated ligand of pgecm and N”N typical assistant ligands. New iridium(III) com-
plexes were characterized by the NMR and mass spectroscopies, and the single crystal structure of complex 1 was measured,
the cationic distorted octahedrally coordinated iridium(IIl) center was ligated by two cyclometalated pgem ligands and one
chelating bpy ligand with a negative [PFs] counter anion. In CH,Cl, solution, the iridium(III) complexes 1, 2 and 3 dis-
played orange red emissions with wavelength about 610 nm, while the iridium(IIl) complexes 4, 5 and 6 displayed pure red
emissions with wavelength about 620 nm, which was desirable for example in organic light-emitting devices applications.
The iridium(III) complexes had lifetimes between 133 ns and 496 ns, quantum efficiencies between 0.7% and 16.6%. All
these iridium(IIT) complexes had higher quantum efficiencies than Ru(bpy)§+. The electrochemiluminescence (ECL) of
cationic cyclometalated iridium complexes, immobilized on the glassy carbon electrode was investigated in neutral phosphate
buffer solution (PBS). The ECL peaks were obtained when oxalate was used as co-reactant and positive initial potential scan
direction was adopted. The ECL of iridium(III) complexes were different from that of Ru(bpy)3+ Iridium(III) complexes
had higher ECL potential and more than three times higher ECL intensity than Ru(bpy)3 , suggesting that these synthesized
iridium complexes have great application potential in ECL detection. Unlike Ru(bpy)§+ , most iridium(IIT) complexes could
not only offer intensive anodic ECL peak but also provide a cathodic ECL peak. The ECL intensities of iridium(III) com-
plexes had almost the same sequence with the quantum efficiencies of iridium(III) complexes.
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Scheme 1 Synthetic route of iridium(III) complexes
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Figure 1 Perspective view of the [(pqem),Ir(bpy)]' cation with selected
displacement ellipsoids drawn at the 25% probability level, H-atoms and
anion omitted
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Figure 2 UV absorption spectrum of complexes in CH,Cl, (a) and

photoluminescence spectra (1x =480 nm) in solution (b) and in solid state
(c) at room temperature
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Table 1 The phosphorescence quantum efficiencies, lifetimes and

wavelengths of iridium(IIT) complexes in degassed CH,Cl, at room tem-
perature

R ZE e 1 2 3 4 5 6

HTRE Y% 166 0.7 157 38 74 3.9
A3 fir/ns 432 496 414 196 238 133
RIEH K mm 612 612 615 624 630 620
77 K BB RGP A /mm 607 612 612 624 648 621
aliE ARG A /am 646 638 656 656 683 662

¢ Using an aqueous solution of [Ru(bpy);]Cl, (@=0.042) as the standard

solution",
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Figure 3 [gcr -V curves of iridium complex modified glassy carbon
electrode
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BIC 5 ) 1A H AR 27 RO PR B R AK T & P IR il B 1 2%
BAWKMKR, B2, WA RO,
XA BT TR S P I v 2k A 2 RO R R AL T
WA RIS BT & ) B AR 2 ROGAT A S 5T A A
IR ZE 5, KOG AL, T BAMBERELEBI A &G, 78
Bt &, DIER 4 S KIS A 0 S — o AL itk
2 RIGRFNA BE—DIRA T INE, A8 Ak
SRS W 7 TR S YL
4 KIWERS
41 BFREAREERIESMEIEK

0.2 g (0.56 mmol) IrCl;*3H,0, 0.368 g (1.4 mmol)
4-FAE AL 2- R FE R, 9 mL 2L 2%, 3 mL /K, i
A 50 mL BB, R E Ny R4, AR 120
CEOGIILAE TN 24 h, AHFEIE, YiEH 95% 8%
PRI, FS T, ABIRA AR SRR a4 0.36 g.

0.05 g (0.03 mmol)k —2KfA, 0.02 g (0.11 mmol)
2,2-I5IERE, 5 mL S, =0 M e 6 h, SRS A
10 £ 45 1) NHPFo MR FH B, 00 N FHE 6 h,
RN 2B R, BN AR P RER L, g, Dl
WEH &Y GR LERQN, VIVYERER LA JENT. K
RNy, ZZBRER, 19 1 LA K 0.058 g, i#
86%. HAhES TRV S E %5 1 2K

'H NMR (CDCls, 400 MHz) ¢: 4.15 (s, 6H), 6.55 (d,
J=8.5 Hz, 2H), 6.87 (t, J=7.7 Hz, 1H), 7.02 (t, J=9.1
Hz, 1H), 7.22 (t, J=8.2 Hz, 2H), 7.32~7.35 (m, 2H),
7.39~7.47 (m, 3H), 7.85 (t, J=8.3 Hz, 3H), 7.98 (t, J=
8.0 Hz, 1H), 8.11 (t, J=6.2 Hz, 2H), 8.24 (d, J=9.8 Hz,
1H), 8.41 (d, J=8.2 Hz, 3H), 8.58 (d, J=8.8 Hz, 1H), 8.65
(s, 1H), 7.71 (d, J=5.9 Hz, 3H); “C NMR (CDCls, 100
MHz) §: 53.41, 121.09, 121.10, 121.15, 121.16, 121.17,
123.70, 123.79, 123.80, 124.32, 125.01, 134.75, 134.76,
136.93, 137.00, 144.96, 148.15, 149.14, 149.15, 149.21,
149.23, 149.24, 149.26, 156.14, 165.33; MS ((+)-ESI)
m/z: 873 (calcd 873 for CyyHy,O4N4Ir {[Ir(pgem)y(bpy)]} ',
[M']).
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42 MAEBEE 0.062 g HE 89%. 'H NMR
(DMSO-d,, 400 MHz) ¢: 8.83 (s, 2H), 8.35 (t, J=7.6 Hz,
4H), 8.21 (d, J=7.2 Hz, 2H), 8.03 (d, J=5.2 Hz, 2H), 7.75
(t, J=6.4 Hz, 2H), 7.52 (t, J=7.6 Hz, 2H), 7.47 (d, J=8.8
Hz, 2H), 7.20~7.26 (m, 4H), 6.91 (t, J=7.2 Hz, 2H), 6.62
(t, J=17.6 Hz, 2H), 4.07 (s, 6H); *C NMR (DMSO-d;, 100
MHz) d: 169.65, 165.80, 164.56, 155.37, 150.58, 147.66,
146.02, 145.04, 139.67, 135.42, 135.31, 131.71, 131.28,
130.74, 130.37, 128.56, 128.24, 126.85, 126.08, 125.70,
124.12, 124.07, 118.75, 53.83; MS ((+)-ESI) m/z: 899
(caled 899 for C4sH3N,4OsIr {[Ir(pgem),(dafo)]}’, [M']).

2 3 i g 0.058 g WE 83%. 'H NMR
(CDCls, 400 MHz) J: 4.11 (s, 6H), 6.66 (d, J=8.3 Hz,
2H), 6.80 (t, J=7.7 Hz, 2H), 6.88 (t, J=8.3 Hz, 2H),
7.21~7.28 (m, 4H), 7.34 (d, J=9.4 Hz, 2H), 7.70 (s, 2H),
7.90 (dd, J=8.7, 5.6 Hz, 2H), 8.19 (d, J=8.8 Hz, 2H),
8.43 (dd, J=8.6, 4.8 Hz, 4H), 8.50 (d, J=5.2 Hz, 2H),
8.71 (s, 2H); C NMR (CDCl;, 100 MHz) o: 53.39,
119.08, 123.68, 124.17, 124.51, 126.68, 127.69, 128.02,
128.07, 128.95, 130.74, 130.94, 131.47, 135.14, 138.12,
139.12, 145.17, 146.34, 148.05, 148.29, 150.46, 165.28,
169.73; MS (( + )-ESI) m/z: 897 (caled 897 for
CaqH3204N,Ir {[Ir(pgem)y(phen)]} ", [M]).

2 4 M aEAg 0.059 g R 77%. '"H NMR
(CDCls, 400 MHz) J: 8.90 (d, J=9.2 Hz, 1H), 8.70 (d, J=
7.6 Hz, 1H), 8.63 (d, J=8.0 Hz, 1H), 8.52 (s, 1H), 8.37 (d,
J=7.2 Hz, 1H), 8.20 (s, 1H), 8.05 (d, J=5.2 Hz, 1H), 7.98
(s, 1H), 7.87 (d, J=6.4 Hz, 1H), 7.52~7.64 (m, 4H), 7.44
(t, J=7.2 Hz, 1H), 7.38 (d, J=8.4 Hz, 1H), 7.23 (s, 1H),
6.86~7.12 (m, 4H), 6.79 (s, 1H), 6.65~6.79 (m, 3H),
6.52 (t, J=6.8 Hz, 1H), 6.10 (dd, J=8.0, 20.4 Hz, 2H),
5.92~6.02 (m, 1H), 5.40 (d, J=17.6 Hz, 1H), 5.30 (d, J=
10.4 Hz, 1H), 4.69~4.80 (m, 2H), 4.20 (s, 3H), 4.18 (s,
3H); “C NMR (CDCl;, 100 MHz) 6: 166.75, 165.55,
162.22, 148.53, 148.19, 147.85, 147.52, 140.25, 135.22,
13291, 132.32, 131.66, 131.01, 130.46, 128.51, 128.11,
127.11, 126.74, 125.81, 125.03, 124.02, 123.29, 123.07,
121.70, 118.87, 118.73, 118.53, 116.13, 110.82, 70.04,
60.35, 53.36, 53.23; MS ((+)-ESI) m/z: 1007 (calcd 1006
for CsoHz9OsNsIr {[Ir(pgem)s(altpy)]} *, [M']).

2 5 [RSLLAE A 0.050 g, W% 68%. 'H NMR
(CDCls;, 400 MHz) J: 4.04 (s, 6H), 6.42 (d, J=8.5 Hz,
2H), 6.46 (t, J=8.5 Hz, 2H), 6.87 (d, J=7.9 Hz, 2H),
6.93~7.04 (m, 4H), 7.10 (t, J=8.0 Hz, 2H), 7.19 (d, J=
8.5 Hz, 2H), 7.32~7.35 (m, 2H), 7.28 (t, J=7.2 Hz, 2H),
8.10 (d, J=9.1 Hz, 2H), 8.19 (d, J=9.6 Hz, 2H), 8.36 (d,
J=9.6 Hz, 2H), 8.56 (s, 2H); *C NMR (CDCl;, 100 MHz)
J9: 52.97, 115.87, 115.89, 115.94, 116.01, 118.09, 122.20,
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122.72, 124.17, 125.68, 126.20, 127.06, 127.64, 129.68,
130.62, 135.38, 136.77, 140.15, 141.42, 147.47, 148.58,
151.70, 165.83, 170.74; MS ((+)-ESI) m/z: 951 (calcd 951
for C4sH3404NgIr {[Ir(pgem)y(bbim)]} ", [M']).

2 6 Mgk 0.066 g WE 85%. 'H NMR
(CDCls, 400 MHz) 6: 8.53 (d, J=8.4 Hz, 2H), 8.33 (s,
2H), 7.97 (d, J=7.6 Hz, 2H), 7.45 (t, J=7.2 Hz, 2H),
7.35~7.39 (m, 4H), 7.24 (t, J=7.6 Hz, 2H), 7.14 (t, J=
6.8 Hz, 2H), 7.06 (t, J=7.6 Hz, 2H), 6.92 (t, J=7.2 Hz,
2H), 6.63 (d, J=7.6 Hz, 2H), 6.54 (d, J=8.4 Hz, 2H),
5.48~5.52 (m, 2H), 5.02 (d, J=18.4 Hz, 2H), 4.93 (d, J=
10.4 Hz, 2H), 4.71 (d, J=18.4 Hz, 2H), 4.36 (d, J=17.2
Hz, 2H), 4.13 (s, 6H); *C NMR (CDCl;, 100 MHz) o:
170.16, 165.29, 147.63, 147.00, 146.39, 145.25, 138.85,
137.61, 136.08, 134.37, 131.40, 131.21, 130.54, 128.19,
126.59, 126.56, 126.36, 125.53, 124.18, 123.17, 117.91,
117.80, 117.63, 113.55, 60.35, 53.20, 49.16; MS
(( +)-ESI) m/z: 1032 (caled 1031 for CssHyO4NgIr
{[Ir(pgem),(bvbbim)]} ", [M]).

4.2 mBFRALMEENK

¥ 2 mg #EL A AT 10 mL DMF #F, 28
SR 10 uL BWIRERAT R AR R T, FARBET S
RIS PE M TAE M. A3 AR A A X Hadl,
AUVH R M AE A S . TR S 1.0x107°
moleL ™" f] Na,C,04. 0.1 molL™'ff] KCl. pH {iik 7.0
) 0.1 moleL " EMRZEFIB(PBS) 4L i, I HEEHS 10 mL T
VRN 2 e it b . /8 AR fb o B E i as 4
R (100 mV/s), =4 ECL {55, 155 /b 2 Hiia
MPI-E 2 f 504k 2% A il A e 4R
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