
S1

Supplementary material for

Phosphorescent iridium(III) complexes containing Ir-S-C-S structures for selective detection 

of Cu2+ ions in solution and nanofibrous film

Yi-Chuan Huanga, Xi Chua, Shi-Sheng Zhaoa, Wen-Hao Lia, Hong-Yan Lia, Wei Xuea, b

a School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 

300130, China

b Hebei Provincial Key Laboratory of Green Chemical Technology and High Efficient Energy 

Saving, Tianjin Key Laboratory of Chemical Process Safety

 Corresponding authors. 

E-mail address: hyli@hebut.edu.cn (H.-Y. Li); weixue@hebut.edu.cn (W. Xue)

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2022

mailto:hyli@hebut.edu.cn


S2

Contents
Index Page
Experimental Section S3
Fig. S1-S9. 1H NMR and 13C NMR spectra of L1-L3 and Ir1–Ir3. S8
Fig. S10. Cyclic voltammograms for complexes Ir1–Ir3 in CH2Cl2 and MeCN solution 
at room temperature.

S12

Fig. S11. UV-vis spectra of Ir1 (a) Ir2 (b) and Ir3 (c) (c = 2.0 ×10−5 M) in the presence 
of various metal ions (2.0 equiv.) in MeCN. Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, 
Mg2+, Na+, Ni2+, Pb2+, Zn2+ and Cu2+ are added, respectively. Inset: the photos of before 
and after the Cu2+ added in acetonitrile solution under chamber light.

S13

Fig. S12. Emission spectra of Ir1 (a), Ir2 (b) and Ir3 (c) (5.0 ×10−4 M) in the presence 
of 2.0 equiv. metal ions (Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, Mg2+, Na+, Ni2+, 
Pb2+, Zn2+ and Cu2+) in acetonitrile solution.

S14

Fig. S13. Photo of 2.0 equivalent metal ions (Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, 
Mg2+, Na+, Ni2+, Pb2+, Zn2+ and Cu2+) added into the acetonitrile solution of Ir2 (a) and 
Ir3 (b) under the irradiation of 365nm ultraviolet lamp.

S15

Fig. S14. The emission spectra of Ir2, Ir2 + Cu2+ (2.0 equiv.) and Ir2 + Cu2+(2.0 equiv.) 
+ Na2EDTA (2.0 equiv.) in acetonitrile solution. S15

Fig. S15. Comparison chart in 1H NMR (DMSO-d6) spectra of Ir1 upon addition of 0, 
2.0 equiv. of Cu2+.

S16

Fig. S16. The molecular structure of the complex Ir2 and changes in 1H NMR (CD3CN) 
spectra of Ir2 upon addition of 0, 0.5, 1.0 and 2.0 equiv. of Cu2+. S16

Fig. S17. The singlet and triplet DFT calculation summary results of [(L2)2Ir(MeCN)2]+. S17
Fig. S18. Linear correlation between the concentration of Cu2+ ions (0–10.0 μM) and 
emission intensities of Ir1(a)/Ir2(b)/Ir3(c) at their emission peaks. S17

Table S1. Crystallographic data for complexes Ir1 and Ir3. S18
Table S2. Selected bond distances (Å) and angles (◦) for complexes Ir1 and Ir3. S19
Table S3. The frontier orbital energy and electron density distribution for Ir1-Ir3. S19
Table S4. Selected transitions from TD-DFT calculations of Ir1 in the S1 state. S20
Table S5. Selected transitions from TD-DFT calculations of Ir2 in the S1 state. S20
Table S6. Selected transitions from TD-DFT calculations of Ir3 in the S1 state. S20
Table S7. Phosphorescent emissions for the experimental reported Ir(III) complexes in 
acetonitrile media determined at the TD-B3LYP/6-31G(d)-LANL2DZ level of theory on 
the basis of the lowest triplet state geometry together with the experimental values.

S20

Table S8. Phosphorescent emissions for [(L2)2Ir(MeCN)2]+ determined at the TD-
B3LYP/6-31G(d)-LANL2DZ level of theory on the basis of the lowest triplet state 
geometry.

S20

Table S9. The reported chemical sensors for detection of Cu2+ ions based on iridium(III) 
complexes.

S21

References S22



S3

1. Experimental Section

1.1 Materials and Instruments

All commercial regents were used without further purification unless otherwise indicated. 

IrCl3·nH2O was purchased from Kunming Borui Metal Materials Co. Ltd. Boric acid derivatives 

and 2-bromopyridine-5-carbaldehyde were purchased from Aladdin Reagents. Cu(NO3)2·3H2O, 

AgNO3, KNO3, NaNO3, Ca(NO3)2·4H2O, Cd(NO3)2·4H2O, Cr(NO3)3·9H2O, Co(NO3)2·6H2O, 

Mg(NO3)2·6H2O, Pb(NO3)2, Fe(NO3)2, Fe(NO3)3, Zn(NO3)2·6H2O and Ni(NO3)2·6H2O were 

purchased from Tianjin Kermel Chemical Reagent Company.

1H and 13C NMR spectra were measured on a Bruker AM 400 spectrometer. Deuterated 

reagents are CDCl3 and DMSO-d6, chemical shift unit is ppm, multiplicity is expressed in s (singlet), 

d (doublet), t (triplet), and m (multiplet). The mass spectra (MS) were obtained using ESI-MS 

(Agilent 6520 Q-TOF LC/MS). The absorption spectra and photoluminescence spectra were 

recorded on UV-2700 spectrophotometer and Hitachi F-2700 photoluminescence 

spectrophotometer, respectively. The phosphorescence lifetimes of the complexes were measured 

using Edinburgh Instruments FLS920P fluorescence spectrometer in oxygen-free 

dichloromethane/acetonitrile solution at room temperature, and the data was fitted with Origin 

software.

The luminescence quantum efficiencies were calculated by comparison of the emission 

intensities (integrated areas) of a standard sample (Ir(ppy)3) and the unknown sample according to 

the equation 1, 2.

unk = std(
Iunk

Istd
)(

Astd

Aunk
)(
unk

std
)2                         

Where unk and std are the luminescence quantum yield of the unknown sample and Ir(ppy)3, 

respectivlely. The Iunk and Istd are the integrated emission intensities of the unknown sample and 

Ir(ppy)3 solution, respectively. The Aunk and Astd are the absorbance of the unknown sample and 

Ir(ppy)3 solution at their excitation wavelengths, respectively. The unk and std terms represent the 

refractive indices of the corresponding solvents (pure solvents were assumed). The std of Ir(ppy)3 

measured in oxygen-free dichloromethane solution at room temperature has been revalued to be 

0.97 (error: ±10 %) 3, 4.

1.2 Synthesis of Ligands and Complexes
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Synthesis of cyclometalated ligands L1–L3.

6-phenylnicotinaldehyde (L1): Under nitrogen atmosphere, a mixture of phenylboronic acid 

(1.83 g, 15 mmol), 2-bromopyridine-5-carbaldehyde (1.86 g, 10 mmol), 

tetrakis(triphenylphosphine)palladium (0.17 g, 0.15 mmol) and sodium carbonate (4.25 g, 40 mmol) 

in THF and water (80 mL, 1:1, V/V) were refluxed for 24 h. After cooling to room temperature, the 

solvent was removed, and the obtained residue was purified by silica gel column chromatography 

(CH2Cl2/petroleum ether 1:2 (v/v)) to obtain white power with 1.54g. Yield: 84.25%. 1H NMR (400 

MHz, CDCl3) δ 10.28 – 10.06 (m, 1H), 9.14 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 8.09 (d, J = 7.2 Hz, 

2H), 7.92 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 5.8 Hz, 3H). 

6-(4-(trifluoromethyl)phenyl)nicotinaldehyde) (L2): The synthesis procedure of L2 is similar 

to that of L1, except that phenylboronic acid is replaced with 4-trifluoromethylphenylboronic acid. 

White powder was obtained with 2.06 g. Yield: 82.17%.1H NMR (400 MHz, CDCl3) δ 10.17 (s, 

1H), 9.17 (s, 1H), 8.28 (dd, J = 8.2, 1.9 Hz, 1H), 8.21 (d, J = 8.1 Hz, 2H), 7.95 (d, J = 8.2 Hz, 1H), 

7.78 (d, J = 8.2 Hz, 2H).

6-(4-methoxyphenyl)nicotinaldehyde) (L3): Except for phenylboronic acid with 4-

methoxyphenylboronic acid, the synthesis of L3 is similar to that of L1. White powder was obtained 

with 1.84 g. Yield: 86.21%. 1H NMR (400 MHz, CDCl3) δ 10.10 (s, 1H), 9.08 (d, J = 2.2 Hz, 1H), 

8.18 (dd, J = 8.3, 2.2 Hz, 1H), 8.07 (d, J = 8.9 Hz, 2H), 7.84 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 8.8 

Hz, 2H), 3.89 (s, 3H).

Synthesis of Ir(III) complexes. A mixture of IrCl3·nH2O (0.18 g, 0.50 mmol) and three 

cyclometalated ligands (L1: 0.20 g, 1.1 mmol; L2: 0.28 g, 1.1 mmol; L3: 0.23 g, 1.1 mmol) in 2-

ethoxyethanol and water (16 mL, 3: 1, v/v) were heated to 140 °C and refluxed for 24 h under 

nitrogen atmosphere. After cooling to room temperature and adding water, the precipitated chloro-

bridged dimer was filtered without further purification. Then, the concentrated water solution of 

ancillary ligand salt NaCzdtc (1.2 mmol) was stirred with chloro-bridged dimer (1.0 mmol) in 

dichloromethane/methanol (1:1, v/v) at room temperature for 10 minutes. Then, the solution was 

concentrated, and the resulting residue was purified by silica gel column chromatography 

(CH2Cl2/MeOH 1: 1, v/v).

(L1)2Ir(Czdtc) (Ir1): red powder, 0.19 g, yield: 47.2%. 1H NMR (400 MHz, DMSO-d6) δ 10.08 

(s, 2H), 9.94 (s, 2H), 9.21 (d, J = 7.6 Hz, 2H), 8.44 (dd, J = 27.1, 8.4 Hz, 4H), 8.21 (d, 2H), 7.97 (d, 
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J = 7.6 Hz, 2H), 7.53 – 7.42 (m, 4H), 6.93 (t, J = 7.4 Hz, 2H), 6.82 (t, J = 7.1 Hz, 2H), 6.33 (d, J = 

7.5 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 219.36, 188.42, 173.91, 158.11, 156.01, 142.35, 139.57, 

135.55, 131.72, 131.08, 130.73, 127.26, 126.90, 126.39, 124.84, 122.11, 119.61, 118.92, 118.15. 

ESI-MS calcd for [C37H24IrN3NaO2S2]+ (822.0837)；found 822.0841 [M + Na]+.

(L2)2Ir(Czdtc) (Ir2): red powder, 0.21 g, yield: 45.4%. 1H NMR (400 MHz, DMSO-d6) δ 10.14 

(s, 2H), 10.05 (s, 2H), 9.25 (d, J = 9.2 Hz, 2H), 8.68 (d, J = 8.5 Hz, 2H), 8.55 (d, J = 8.1 Hz, 2H), 

8.23 (d, J = 7.8 Hz, 4H), 7.56 – 7.43 (m, 4H), 7.29 (d, J = 8.3 Hz, 2H), 6.49 (s, 2H). 13C NMR (101 

MHz, CDCl3) δ 218.83, 188.12, 172.37, 157.25, 155.57, 145.85, 139.62, 136.60, 131.89, 131.68, 

131.58, 127.74 (q, J = 3.9 Hz), 127.51, 127.20, 126.19, 125.33, 120.06, 119.83, 119.38 (q, J = 3.8 

Hz), 118.30. ESI-MS calcd for [C39H23F6IrN3O2S2]+ (936.0765); found 936.0760 [M + H]+.

(L3)2Ir(Czdtc) (Ir3): red powder, 0.18 g, yield: 42.6%.1H NMR (400 MHz, CDCl3) δ 10.00 (s, 

2H), 9.92 (d, J = 1.9 Hz, 2H), 9.41 – 9.31 (m, 2H), 8.18 (dd, J = 8.5, 2.0 Hz, 2H), 8.00 – 7.93 (m, 

2H), 7.90 (d, J = 8.6 Hz, 2H), 7.71 (d, J = 8.7 Hz, 2H), 7.43 – 7.36 (m, 4H), 6.55 (dd, J = 8.7, 2.5 

Hz, 2H), 5.94 (d, J = 2.5 Hz, 2H), 3.58 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 219.38, 188.34, 

173.29, 161.60, 160.63, 156.17, 139.55, 135.43, 135.17, 129.61, 128.27, 127.25, 126.89, 124.83, 

119.61, 118.11, 118.08, 116.37, 108.38, 54.83. ESI-MS calcd for [C39H28IrN3NaO4S2]+ (882.1048); 

found 882. 1060 [M + Na]+.

1.3 X-ray Crystallography

X-ray diffraction data were collected with Siemens (Bruker) Smart CCD diffractometer using 

monochromatic Mo Kα radiation (λ=0.7103Å) at 113 K. Parameters data were collected with Smart 

software 5 and refined with SAINT. The structure was solved by direct methods using the program 

SHELXL-2018 6. The positions of metal atoms and their first coordination spheres were located 

from direct-methods E-maps; other non-hydrogen atoms were found in alternating difference 

Fourier syntheses and least-squares refinement cycles and, during the final cycles, refined 

anisotropically. Hydrogen atoms were placed in calculated position and refined as riding atoms with 

a uniform value of Uiso.

1.4 Cyclic Voltammetry

Electrochemical measurements were performed with CHI 760E electrochemical workstation, 

with a polished Pt plate as the working electrode, platinum thread as the counter electrode and 

AgNO3 (0.010 M in CH3CN)-Ag as the reference electrode, tetrabutylammonium 
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hexafluorophosphate (0.10 M) was used as the electrolyte, using ferrocene (Fc+/Fc) as the internal 

standard, and the scan rate is 100 mV·s–1.

1.5 Computational Details

Density functional theory (DFT) and time-dependent DFT (TD-DFT) calculations using 

B3LYP 7-9 functional were performed. The basis set used for C, H, N, O, S and F atoms was 6-31G 

(d, p) while the LanL2DZ basis set was employed for Ir atoms. Optimization and vibration data 

confirm that the structure is extremely small on the corresponding potential energy surface. The 

solvent effect of dichloromethane was taken into consideration using conductor like polarizable 

continuum model (C-PCM) 10, 11. All these calculations were performed with Gaussian 09 12. 

1.6 Copper(II) Titration and Selective Experiments

The stock solutions (2.0 mM) of complexes Ir1–Ir3 were prepared in acetonitrile and then 

diluted with acetonitrile to 0.5 mM and 20 μM for titration and selective experiments. Stock 

solutions (0.05 M) of Cu2+ ion and other metal ions (Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, 

Mg2+, Na+, Ni2+, Pb2+ and Zn2+) were prepared in deionized water. Cu2+ ion (0–2.0 equiv.) was 

adding incrementally with a micropipet to the solution of Ir1–Ir3 in quartz cuvette to perform the 

titration experiments. The cation-competition experiments were performed by adding 2.0 equiv. 

Cu2+ ion into the mixture solution of Ir(III) complexes and the other metal ions. All the experiments 

were measured after standing for 5 minutes.

1.7 Determination of detection limit

The detection limit is calculated based on phosphorescence titration. The phosphorescence 

emission spectra of the complexes Ir1–Ir3 were measured 10 times, and the standard deviation of 

the blank measurement was obtained. Plot the ratio of emission intensity to different ion 

concentrations to obtain the slope. The detection limit is calculated by the following formula 13, 14. 

        Detection limit =
3σ
k

                                           

Where σ is the standard deviation of the blank measurement, and k is the slope of the ratio of 

emission intensity to ion concentration.

1.8 Preparation of iridium complexes-composite nanofibrous film by electrospinning

Polyurethane (5.0 g) is dissolved in a mixed solution of tetrahydrofuran (10.0 g) and N,N’-

dimethylformamide (10 g), heated and stirred at 60 ℃ for 12 hours to obtain a mixed fluid stand for 

use. After iridium complexes (1.0 mg) were dissolved in acetonitrile solution (1.0 g), the above-
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mentioned fluid solution (9.0 g) were added thereto, and then the mixture were stirred at room 

temperature for 3 h. The precursor solution was loaded into a 5-mL gauge syringe with a push rate 

of 5 mL/h by peristaltic pump (Lead Fluid) under a high voltage of 12 kV to prepare nanofibers.

1.9 Fluorescence imaging

Fluorescence imaging were performed on Olympus IX83 Inverted Fluorescence Microscope. 

The luminescent signals were detected by the system of the confocal microscope with green channel 

(510-550 nm), λex = 460-495 nm, red channel (575-625 nm), λex = 530-550 nm.

1.10 Real water samples

Reagent water samples including tap, drinking and lake water from Hebei University of 

Technology, were filtered with a 0.2 mm filter membrane to remove large particles before use. Stock 

solutions of complexes Ir1–Ir3 were prepared as described in titration experiment. Stock solutions 

(5.0 mM) of Cu2+ were prepared in various actual water samples and were diluted to different 

concentration using actual samples. 2.00 μM and 6.00 μM of Cu2+ ions were added to acetonitrile 

solution of complexes Ir1–Ir3, respectively, phosphorescence emission intensities were measured 

after standing for 5 minutes.
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Fig. S1. 1H NMR spectrum of L1 in CDCl3 at 400 MHz at room temperature.

Fig. S2. 1H NMR spectrum of L2 in CDCl3 at 400 MHz at room temperature.
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Fig. S3. 1H NMR spectrum of L3 in CDCl3 at 400 MHz at room temperature. 

Fig. S4. 1H NMR spectrum of Ir1 in DMSO-d6 at 400 MHz at room temperature.
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Fig. S5. 13C NMR spectrum of Ir1 in CDCl3 at 101 MHz at room temperature.

Fig. S6. 1H NMR spectrum of Ir2 in DMSO-d6 at 400 MHz at room temperature.
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Fig. S7. 13C NMR spectrum of Ir2 in CDCl3 at 101 MHz at room temperature.

Fig. S8. 1H NMR spectrum of Ir3 in CDCl3 at 400 MHz at room temperature.
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Fig. S9. 13C NMR spectrum of Ir3 in CDCl3 at 101 MHz at room temperature.
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Fig. S10. Cyclic voltammograms for complexes Ir1–Ir3 in CH2Cl2 and MeCN solution at room 

temperature.
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Fig. S11. UV-vis spectra of Ir1(a) Ir2(b) and Ir3(c) (c = 2.0 ×10−5 M) in the presence of various 

metal ions (2.0 equiv.) in MeCN. Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, Mg2+, Na+, Ni2+, Pb2+, 

Zn2+ and Cu2+ are added, respectively. Inset: the photos of before and after the Cu2+ added in 

acetonitrile solution under chamber light.
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Fig. S12. Emission spectra of Ir1(a), Ir2 (b) and Ir3 (c) (5.0 ×10−4 M) in the presence of 2.0 equiv. 

metal ions (Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, Mg2+, Na+, Ni2+, Pb2+, Zn2+ and Cu2+) in 

acetonitrile solution.
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Fig. S13. Photos of 2.0 equivalent metal ions (Ag+, Ca2+, Cd2+, Co2+, Cr3+, Fe2+, Fe3+, K+, Cu2+, 

Mg2+, Na+, Ni2+, Pb2+ and Zn2+) added into the acetonitrile solution of Ir1(a), Ir2(b) and Ir3(c) 

under the irradiation of 365 nm ultraviolet lamp.
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Fig. S14. The emission spectra of Ir2, Ir2 + Cu2+ (2.0 equiv.) and Ir2 + Cu2+(2.0 equiv.) + 

Na2EDTA (2.0 equiv.) in acetonitrile solution.
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Fig. S15. Comparison chart in 1H NMR (DMSO-d6) spectra of Ir2 upon addition of 0, 2.0 equiv. of 

Cu2+.
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Fig. S16. The molecular structure of the complex Ir2 and changes in 1H NMR (CD3CN) spectra of 

Ir2 upon addition of 0, 0.5, 1.0 and 2.0 equiv. of Cu2+.
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Fig. S17. The singlet and triplet DFT calculation summary results of [(L2)2Ir(MeCN)2]+.
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Fig. S18. Linear correlation between the concentration of Cu2+ ions (0–10.0 μM) and emission 

intensities of Ir1(a)/Ir2(b)/Ir3(c) at their emission peaks.
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Table S1 Crystallographic data for complexes Ir1 and Ir3. 

Ir1 Ir3
Formula C37H24IrN3O2S2 C39H28IrN3O4S2
W 798.91 858.960
T (K) 123.15 113.15
Wavelength (Å) 798.91 858.96
Cryst syst monoclinic monoclinic
Space group P2(1)/c Cc
a (Å) 14.3172(7) 16.0172(6)
b (Å) 18.2065(7) 25.5289(7)
c (Å) 12.7031(6) 9.3149(3)
 (deg) 90 90
β (deg) 115.084(6) 103.618(4)
γ (deg) 90 90
V (Å3) 2999.0(3) 3701.8(2)
Z 4 4
ρcalcd (g/cm3) 1.769 1.541
μ (Mo Kα) (mm-1) 4.632 3.762
F (000) 1568.0 1696.0
Range of transm factors (deg) 3.14-50.032 3.064 - 52.742
Reflns collected 28307 14826
Unique 5295 7012
GOF on F2 1.025 1.034
R1

a,wR2
b (I>2(I)) 0.0343, 0.0748 0.0381, 0.0755

R1
a,wR2

b (all data) 0.0461, 0.0805 0.0421, 0.0788
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Table S2 Selected bond distances (Å) and angles (◦) for complexes Ir1 and Ir3.

Ir1
Ir(1)-S(1) 2.45(13) Ir(1)-S(2) 2.44(14) Ir(1)-N(1) 2.04(4)
Ir(1)-N(2) 2.04(4) Ir(1)-C(1) 2.02(5) Ir(1)-C(2) 2.02(5)
S(1)-Ir(1)-S(2) 70.9(4) N(1)-Ir(1)-S(1) 88.6(1) N(1)-Ir(1)-S(2) 97.7(1)
N(1)-Ir(1)-N(2) 172.4(2) N(2)-Ir(1)-S(1) 97.1(1) N(2)-Ir(1)-S(3) 89.0(1)
C(1)-Ir(1)-S(1) 101.0(2) C(1)-Ir(1)-S(2) 171.8(2) C(1)-Ir(1)-N(1) 80.3(2)
C(1)-Ir(1)-N(2) 93.6(2) C(2)-Ir(1)-S(1) 169.5(1) C(2)-Ir(1)-S(2) 98.8(1)
C(2)-Ir(1)-N(1) 95.2(2) C(2)-Ir(1)-N(2) 80.1(2) C (1)-Ir(1)-C(2) 89.3(2)

Ir3
Ir(1)-S(1) 2.47(4) Ir(1)-S(2) 2.43(4) Ir(1)-N(1) 2.04(2)
Ir(1)-N(2) 2.06(2) Ir(1)-C(1) 1.96(2) Ir(1)-C(2) 2.07(1)
S(2)-Ir(1)-S(1) 70.8(10) N(1)-Ir(1)-S(1) 89.5(4) N(1)-Ir(1)-S(2) 97.1(5)
N(1)-Ir(1)-N(2) 170.4(4) N(1)-Ir(1)-C(2) 93.6(6) N(2)-Ir(1)-S(1) 98.0(4)
N(2)-Ir(1)-S(2) 91.2(4) N(2)-Ir(1)-C(2) 80.1(6) C(1)-Ir(1)-S(1) 99.9(4)
C(1)-Ir(1)-S(2) 170.4(4) C(1)-Ir(1)-N(1) 80.0(7) C(1)-Ir(1)-N(2) 92.7(6)
C(1)-Ir(1)-C(2) 90.6(4) N(2)-Ir(1)-S(1) 169.4(4) C(2)-Ir(1)-S(2) 98.7(4)

Table S3. The frontier orbital energy and electron density distribution for Ir1–Ir3.

Orbital Composition %Complex Energy (eV)
(Calculated)

Eg (eV)
(Calculat
ed)

–CF3/
–OMe

phenyl pyridine 
ring

Ir Neutral 
ligands

HOMO-2 -6.05 - 5.27 4.72 42.44 47.57
HOMO-1 -5.96 - 2.68 3.78 24.19 69.35

Ir1 HOMO -5.54 3.10 - 39.21 7.40 45.95 7.26
LUMO -2.44 - 17.96 78.38 1.91 1.75
LUMO+1 -2.37 - 15.62 79.75 2.64 2.00
LUMO+2 -1.99 - 0.78 2.47 2.89 93.85
HOMO-2 -6.15 0.13 4.04 3.55 31.81 60.47
HOMO-1 -6.02 0.03 1.84 2.81 17.87 77.45

Ir2 HOMO -5.77 0.33 37.65 6.81 46.93 8.29
LUMO -2.62

3.16
1.81 20.26 73.98 1.75 1.69

LUMO+1 -2.53 1.74 17.66 76.33 2.46 1.80
LUMO+2 -2.05 0.01 0.94 2.60 2.89 93.57
HOMO-2 -5.95 5.43 13.91 7.63 12.70 60.33
HOMO-1 -5.85 14.72 35.58 18.70 13.29 17.60

Ir3 HOMO -5.49 3.18 3.75 40.17 12.53 37.93 5.62
LUMO -2.31 2.97 15.86 78.08 1.43 1.66
LUMO+1 -2.24 2.44 14.49 78.81 2.30 1.95
LUMO+2 -1.97 0.01 1.01 2.46 2.88 93.64
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Table S4. Selected transitions from TD-DFT calculations of Ir1 in the S1 state.

λabs(nm)
(Calcd)

λabs(nm)
(Exptl)

Oscillator 
Strength

Major transition (s) Character

499 496 0.1161 HOMO→LUMO (96%) MLCT/LLCT/LC
377 372 0.1959 H-1→L+2 (82%) MLCT/ILCT
319 314 0.0789 H-4→LUMO (28%), 

H-3→LUMO (47%)
LLCT/LC

306 286 0.2209 H-9→LUMO (73%) LLCT/LC
231

Table S5. Selected transitions from TD-DFT calculations of Ir2 in the S1 state.

λabs(nm)
(Calcd)

λabs(nm)
(Exptl)

Oscillator 
Strength

Major transition (s) Character

490 490 0.1052 HOMO→LUMO (98%) MLCT/LLCT
375 363 0.3173 H-1→L+2 (73%) MLCT/ILCT
306 _ 0.1049 H-9→L+1 (68%) LLCT/LC
297 287 0.024 H-4→L+3 (80%) LLCT
242 231 0.054 H-5→L+5 (71%) MLCT/LLCT

Table S6. Selected transitions from TD-DFT calculations of Ir3 in the S1 state. 

λabs(nm)
(Calcd)

λabs(nm)
(Exptl)

Oscillator 
Strength

Major transition (s) Character

477 475 0.1231 HOMO→LUMO (96%) MLCT/LLCT
380 _ 0.3172 H-2→L+2 (25%),

H-1→L+2 (51%)
LLCT/LC

365 352 0.0991 HOMO→L+3(73%) MLCT/LLCT
305 285 0.0022 HOMO→L+5(91%) MLCT/LLCT
237 231 0.0401 H-16→L+1(71%) LC

Table S7. Phosphorescent emissions for the experimental presented Ir(III) complexes in MeCN 

media determined at the TD-B3LYP/6-31G(d)-LANL2DZ level of theory on the basis of the lowest 

triplet state geometry.

Complex State AE (eV) E (eV) λ(nm) Major transition (s) Description
Ir1 T1 2.18 2.12 584 HOMO→L+1 (91%) 3MLCT/3LLCT
Ir2 T1 2.20 2.17 571 HOMO→L+1 (90%) 3MLCT/3LLCT
Ir3 T1

2.23 2.28 543 H-1→L+1(24%)
HOMO→L+1 (51%)

3LLCT/3MLCT

Table S8. Phosphorescent emissions for [(L2)2Ir(MeCN)2]+ determined at the TD-B3LYP/6-

31G(d)-LANL2DZ level of theory on the basis of the lowest triplet state geometry.

E(S1) E(T1) △E AE (eV) λ(nm)
[(L2)2Ir(MeCN)2]+ –2228.4193 –2228.3321 0.0872 2.36 525
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Table S9. The reported chemical sensors for detection of Cu2+ ions based on iridium(III) complexes.

Sample Type Limit of detection (M) Reference
115 turn-off – Inorg. Chem. Commun., 2012, 16, 1–3.
216 turn-off – Bull. Korean Chem. Soc., 2013, 34, 653–656.
317 turn-off – Tetrahedron Lett., 2013, 54, 779–782.
418 turn-off 10–8 Plos one, 2014, 9, e99930.
519 turn-off 6.5 × 10–5 J. Lumin., 2016, 177, 299-305.
620 turn-off 7.6 × 10–8 J. Organomet. Chem., 2017, 853, 42-48.
721 turn-off 2.2 × 10–8 Dyes Pigm., 2019, 161, 252-260.
822 turn-off 2.7 × 10–7 Dyes Pigm., 2021, 186, 109016.
923 turn-off 1.1 × 10–7 Organometallics, 2022, 41, 706-715.
1024 turn-on – Analyst 2013, 138, 894-900.
Ir1 turn-on 3.31×10–7 This paper
Ir2 turn-on 2.13×10–7 This paper
Ir3 turn-on 1.74×10–7 This paper
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