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Cu(II) ion has two sides. In one side, Cu(II) ion is an

important cofactor in nearly 20 metalloenzymes and an

essential micronutrient for all living systems.1 But, in other

side, Cu(II) ion is one of significant metal pollutants2 and

toxic to living cells if present in slightly high concentrations,

causing neurodegenerative diseases such as Menkes and

Wilson’s disease.3 In this instance, the selective detection of

Cu(II) ion in environment and in living systems is very

important. Consequently, various fluorescent chemosensors

for the highly sensitive and selective detection of Cu (II) ion

have been developed.4 

Phosphorescent chemosensors for the selective detection

of Cu(II) ion are also attractive because long-lived phospho-

rescence can be discriminated readily from scattered light

and short-lived background fluorescence normally present in

biological samples.5 However, phosphorescent chemosensors

for the selective detection of Cu(II) ion have been only

sparingly reported. In phosphorescent chemosensors, heavy-

metal complexes have been widely utilized as effective pho-

sphors.6 Especially, cyclometalated iridium(III) complexes,

which are known as efficient phosphorescent dopants in

organic light emitting diodes (OLEDs),7 bonded to approp-

riate receptors have been utilized as phosphorescent chemo-

sensors for the selective detection of Ca(II),8 Hg(II)9 or

fluoride ion.10 Very recently, an iridium(III) complex con-

taining one 2-(2'-benzo[b]thienyl)pyridine (btp), two cyclo-

metalating 2-phenylpyridine (ppy) ligands and a di(2-picol-

yl)amine (DPA) receptor tethered to the btp ligand by a

methylene linker was reported to be an effective phosphore-

scent chemosensor for Cu(II) ion.11

In this study, we wish to prepare another iridium(III)

complex-based phosphorescent chemosensor for the selec-

tive detection of Cu(II) ion. Previously, iridium(III) complex

containing 3,9-dithia-6-azaundecane receptor tethered to the

2,2'-bipyridine ligand was reported to be quite successful for

the selective detection Hg(II) ion.12 3,9-Dithia-6-azaunde-

cane receptor tethered to the 2,2'-bipyridine ligand in

complex 1 has been proposed to be an effective receptor for

Hg(II) ion.12 Similarly, by replacing the 3,9-dithia-6-aza-

undecane receptor of the previously reported complex with a

DPA receptor, which has been used as an effective receptor

for Zn(II) or Cu(II) ion,4l,4n,13 the resulting complex 1 (Fig.

1) was expected to be a good phosphorescent chemosensor

for the selective detection of Cu(II) ion. 

Complex 1 was prepared as shown in Figure 1. By treating

iridium(III) complex containing two cyclometalating 2-phen-

ylpyridine (ppy) ligands and 4,4'-bis(bromomethyl)-2,2'-

bipyridine, which was prepared according to the procedure

Figure 1. Scheme for the preparation of iridium(III) complex 1. 
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reported previously,12 with DPA in the presence of NaH and

then treating with NH4PF6 in the mixed solvent of methylene

chloride and methanol (1:1, v/v), complex 1 was obtained.

Complex 1 showed the characteristic UV-Vis absorption

and photoluminescence spectra in 50% acetonitrile in water.

The intense absorption band at 250-290 nm in the UV-Vis

spectrum of complex 1 shown in Figure 2 might be origin-

ated from the ligand-centered π-π* transitions. The relatively

weak absorption in the region of 300 to 350 nm might be

attributed to the spin-allowed metal-to-ligand charge transfer

(1MLCT) transitions and the weak absorption tail in the

range of 450-500 nm might be due to the spin-forbidden
3MLCT transitions.14 The photoluminescence spectrum of

complex 1 showed the maximum wavelength at 589 nm in

50% acetonitrile in water with the excitation at 365 nm. The

broad and featureless characteristic of the photolumine-

scence spectrum of complex 1 indicates that the emission is

originated from the metal-to-ligand excited state, 3MLCT.7c

The selectivity of complex 1 (10 μM) for metal ions was

studied by monitoring its phosphorescence changes upon

addition of perchlorate salts of various metal ions including

Li+, Na+, K+, Rb+, Cs+, Ca2+, Ba2+, Fe2+, Cu2+, Ag+, Zn2+,

Cd2+, Hg2+ and Pb2+ (20 μM) in 50% acetonitrile in water as

shown in Figure 3. The phosphorescence of complex 1 was

quenched significantly upon addition of Cu(II) ion and

quenched slightly upon addition of Hg(II) ion, but almost

no-quenching was absorbed upon addition of the other metal

ions. Figure 4 shows the visual changes of the photolumine-

scence of complex 1 upon addition of various metal ions,

indicating the significant quenching of the photoluminescence

upon addition of Cu(II) ion. The selectivity of complex 1 for

various metal ions was graphically demonstrated by the

relative emission intensities, I0/I, where Io and I are the

maximum emission intensity of iridium(III) complex 1 in

Figure 2. UV-Vis and phosphorescence spectra of iridium(III)
complex 1 (10 µM) in 50% acetonitrile in water (excitation: 365
nm).

Figure 3. Phosphorescence spectra of iridium(III) complex 1 (10
µM) upon addition of various metal ions (2 equiv) in 50% aceto-
nitrile in water (excitation: 365 nm).

Figure 4. Visualized phosphorescent emission changes of iridium(III) complex 1 (10 µM) upon addition of various metal ions (2 equiv) in
50% acetonitrile in water (obtained with usual laboratory UV lamp, 254 nm). 

Figure 5. Relative emission intensities of iridium(III) complex 1
(10 µM), given as the ratio I0/I, upon addition of various metal
ions (2 equiv) in 50% acetonitrile in water: complex 1 only (1), Li+

(2), Na+ (3), K+ (4), Rb+ (5), Cs+ (6), Ca2+ (7), Ba2+ (8), Fe2+ (9),
Cu2+ (10), Ag+ (11), Zn2+ (12), Cd2+ (13), Hg2+ (14) and Pb2+ (15).
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the absence and presence of metal ion, respectively, as

illustrated in Figure 5. The relative emission intensities, I0/I,

were 17.9 for Cu(II) and 1.68 for Hg(II), but they were in the

range of 0.95-1.11 for other metal ions. From these results,

we can say that the DPA moiety tethered to the 2,2'-bi-

pyridine ligand in complex 1 is quite effective as a selective

receptor for Cu(II) ion.

The Job’s plot experiment was performed by monitoring

the phosphorescence intensity change with the variation of

the concentration of both complex 1 and Cu(II) ion. As

shown in Figure 6, the maximum was observed at 0.67,

indicating the formation of the typical 1:2 complex. Each of

the two DPA moieties tethered to the 2,2’-bipyridine ligand

in complex 1 seems to be utilized for the complexation with

Cu(II) ion.

The phosphorescence titration spectra of complex 1 upon

addition of Cu(II) ion in 50% acetonitrile in water are shown

in Figure 7. As the concentration of Cu(II) ion was increas-

ed, the phosphorescence intensity decreased constantly.

Based on the phosphorescence titration spectra, the Stern-

Volmer constant (K) defining the quenching efficiency for

the complexation of iridium(III) complex 1 with Cu(II) ion

was calculated to be 5.8 × 104 M−1 according to the Stern-

Volmer equation.15 Similarly, the Stern-Volmer constant (K)

for the complexation of iridium(III) complex 1 with Hg(II)

ion was calculated to be 2.7 × 104 M−1.

In summary, iridium(III) complex 1 containing two cyclo-

metalating 2-phenylpyridine (ppy) ligands and one 2,2'-

bipyridine ligand tethered with two DPA moieties by a

methylene linker was prepared. Iridium(III) complex 1 was

found to form 1:2 complex selectively with Cu(II) ion with

the Stern-Volmer constant of 5.8 × 104 M−1.

Experimental Section

General. The 1H NMR and 13CNMR spectra were record-

ed on a Varian Mercury Plus 300 MHz spectrometer. High-

resolution mass spectral data were obtained from the Korea

Basic Science Institute Daegu Center (HR-FAB Mass) on a

Jeol JMS 700 high resolution mass spectrometrer. UV-Vis

absorption spectra were obtained with SCINCO S-3100 UV-

Vis spectrophotometer. Photoluminescence (PL) spectra were

measured on a HITACHI F-7000 fluorescence spectrophoto-

meter. Phosphorescence measurements were carried out by

exciting at 365 nm with an excitation band width of 10 nm

and an emission band width of 10 nm. The stock solution of

iridium(III) complex 1 (1 × 10−4 M) and perchlorate salts of

metal ions (1 × 10−2 M) were prepared in 50% acetonitrile in

water. For phosphorescence measurements, sample solutions

were prepared by mixing a measured amount of the stock

solution of iridium(III) complex 1 and a measured amount of

the stock solution of perchlorate salt of metal ion and then

diluting with 50% acetonitrile in water to the desired con-

centrations of iridium(III) complex 1 and perchlorate salt of

metal ion.

Synthesis of Iridium(III) Complex 1. NaH (0.093 g,

3.86 mmol) was dissolved in dry tetrahydrofuran (THF, 10

mL) under an Ar atmosphere. To the NaH solution was

added DPA (0.63 mL, 3.51 mmol) dissolved in dry THF (15

mL) through a cannula. The whole mixed solution was

stirred for 1 h. The mixed solution was transferred slowly

through a cannula into the solution of iridium(III) complex

A (Fig. 1, 1.48 g, 1.76 mmol), which was prepared via the

reported procedure, in dry THF (15 mL). The whole reaction

mixture was stirred at room temperature for 12 h under an

Ar atmosphere. After removing the solvent, the residue was

dissolved in methylene chloride (20 mL). To the organic

solution was added water (20 mL). The mixture was shaken

well and, then the organic layer was separated and dried over

anhydrous Na2SO4. The solvent was removed and the residue

was purified by silica gel chromatography (methylene chlo-

ride and methanol, 9:1, v/v) to afford a solid material. The

solid material was dissolved into the mixed solvent of

methylene chloride and methanol (100 mL, 1:1, v/v). To the

solution was added NH4PF6 (0.42 g, 2.58 mmol). The whole

mixture was stirred at room temperature for 12 h. The solv-

ent was removed and the residue was dissolved in methylene

Figure 6. Job’s plot for the complex formation between iridium(III)
complex 1 and Cu(II) ion in 50% acetonitrile in water.

Figure 7. Phosphorescence titration spectra of iridium(III) complex
1 (10 µM) upon addition of Cu(II) ion (0 µM, 2 µM, 4 µM, 7 µM,
8 µM, 9 µM, 10 µM, 12 µM, 14 µM, 16 µM, 20 µM) in 50%
acetonitrile in water (excitation: 365 nm).
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chloride. To the solution was added water (20 mL). The

mixture was shaken well and, then the organic layer was

separated and dried over anhydrous Na2SO4. The residue

was dissolved in methylene chloride (10 mL). The organic

solution was added to diethyl ether (100 mL) drop by drop to

induce the formation of a solid material. The solid material

was collected using glass filter and dried under high vacuum

to afford iridium(III) complex 1 as a yellow solid material.

Yield: 0.25 g (66%). mp 145-146 oC; 1H NMR (300 MHz,

CDCl3) δ 3.93 (s, 8H), 4.03 (s, 4H), 6.24 (d, 2H), 6.87 (t,

2H), 6.99-7.16 (m, 8H), 7.44-7.53 (m, 8H), 7.62-7.78 (m,

12H), 7.87 (d, 2H), 8.48-8.66 (m, 4H); 13C NMR (75 MHz,

CDCl3) δ 57.2, 60.2, 119.6, 122.7, 122.9, 123.7, 124.2,

124.7, 124.9, 127.8, 130.9, 131.9, 137.7, 138.1, 143.8,

148.8, 149.1, 151.0, 150.7, 153.2, 155.8, 158.1, 167.9;

HRFAB-MS m/z [M+] calcd. for C58H50IrN10 1079.3849.

Found: 1079.3848. IR (KBr pellet) cm−1 3052, 1608, 1478.
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