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Phosphorescence decay traces of Ir(III) complexes.

Fig. S1 Phosphorescence decay traces of Ir1 and Ir2 in deoxygenated CH2Cl2.

Electrochemical properties of Ir(III) complexes.

Fig. S2 Cyclic voltammograms of Ir1and Ir2 in deoxygenated CH2Cl2 at room temperature.

Luminescence properties of Ir(III) complexes

Fig. S3 The emission spectra of complex Ir1 in H2O/CH3CN with different H2O fractions (0-
90% v/v).
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Fig. S4 Plots of relative intensity vs. different water fractions for Ir1 and Ir2 at the maximum 
emission wavelength (I0 represents the emission intensity of the complex in MeCN, I represents 

the emission intensity under corresponding content of water).
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Crystal information for Ir2.

Fig. S5 The C-H···π intermolecular interactions of Ir2 in the single crystal.

Fig. S6 The molecular stacking of Ir2 in crystal state (orange dashed lines: C-H···S hydrogen 
bonds; wine red dashed lines: C-H···π intermolecular interactions; green dashed lines: C-H···F 

intermolecular interactions.
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Tab. S1 Crystal data of Ir2.
Complex Ir2
Formula C62H42F6IrN6PS2

Formula weight 1272.30
Crystal system Monoclinic
Temperature 200 K
Space Group Cc

Cell Lengths (Å)
a = 12.5282(6) 

b = 29.0665(14) 
c = 15.1236(8)

Cell Angles (°)
α = 90 

β = 92.8930(17) 
γ = 90 

Cell Volume (Å3) 5500.3(5)
Z 4

Density (g/cm3) 1.536
F (000) 2536.0

hmax, kmax, lmax 14, 34, 17
Tmin, Tmax 0.684, 0.751

Absorption coefficient/mm-1 2.599
R(int) 0.0467

Data/restraints/parameters 9575/2/704
Goodness-of-fit on F2 1.022

R1
a [I > 2σ(I)] 0.0305

wR2
b [I > 2σ(I)] 0.0630

R1
a (all data) 0.0374

wR2
b (all data) 0.0645
CCDC 2170691
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Tab. S2 The distances and angles of the C-H···S intermolecular interactions in Ir2 crystal (see 
Fig. 2c).

Complex Type Distance/Å Angle/°
Ir2 C-H···S 3.24 127.79

Tab. S3 The distances of the C-H···π intermolecular interactions in Ir2 crystal (see Fig. 2c and 
Fig. S4).

Complex Type Distances/Å

Ir2 C-H···π

2.66
2.70
2.77
2.81
2.82
2.86
2.94
3.03
3.06

Tab. S4 The distances and angles of the C-H···F intermolecular interactions in Ir2 crystal (see 
Fig. 2d).

Complex Type Distance/Å Angle/°
2.54 152.32
2.60 169.83
2.88 168.49
2.68 153.58
2.73 129.60

Ir2 C-H···F

2.90 142.22
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Previously reported TNP sensors.

Tab. S5 Some Ir(III) complexes are used as TNP sensors and their KSV

Ir(III) complex Solvent KSV References

N
Ir

N
N
N N

S

2

PF6

Acetone/H2O (v/v = 1 : 9) 52800 M-1 [1]

N N N
N
N

Ph

Ir
C8H17C8H17

2

PF6

MeCN/H2O (v/v = 1 : 9) 1600000 M-1 [2]

N
Ir

PPh3

PPh3
H
Cl THF/H2O (v/v = 1 : 9) 190000 M-1 [3]

N N

F

F

N
NF

F

Ir
N

N
N
N

Ph

N
3

PF6

MeCN/H2O (v/v = 1 : 9) 3790000 M-1 [4]

N
N

F3C

ON

O
Ir

2
MeCN/H2O (v/v = 1 : 9) 166000 M-1 [5]

N
Ir

N

N

2

N

7

Br

Cl

MeCN/H2O (v/v = 1 : 9) 32200 M-1 [6]

Ir
N

N

2
N

PF6
NS

MeCN/H2O (v/v = 1 : 9) 2644330 M-1 This work
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Synthesis of the Ir(III) complex Ir-ppy-dpa for TNP detection
Ir-ppy-dpa was prepared following the reported method (Mater. Chem. Front., 

2019, 3, 1593-1600). IrCl3·3H2O (0.2 mmol, 70.5 mg) and cyclometalating ligand 
(0.5 mmol, 161.2 mg,) were added in a mixture of 2-ethoxyethanol (6 mL) and water 
(2 mL). The mixture was then heated to reflux for 24 h under the N2 atmosphere. 
After being cooled to room temperature, the solvent was removed in vacuum and the 
crude product was used for the next step without purification. The dimeric Ir(III) 
complex reacted with 3.0 equiv. of the 1,10-phenanthroline (0.6 mmol, 108.1 mg) in 

2-ethoxyethanol at 120℃ under nitrogen for 24 h. After cooling to room temperature, 

a 10-fold excess of saturated KPF6 solution was added and stirred for 2 h. The 
reaction mixture was added to water (15 mL) and extracted with dichloromethane. 
The product was isolated by column chromatography.
Ir-ppy-dpa. 1H NMR (400 MHz, DMSO-d6): δ 8.89 (dd, J = 8.2, 1.2 Hz, 2H), 8.42 - 
8.32 (m, 4H), 8.13 (dd, J = 8.2, 5.1 Hz, 2H), 7.80 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 8.7 
Hz, 2H), 7.49 - 7.42 (m, 2H), 7.25 (t, J = 7.9 Hz, 8H), 7.05 (t, J = 7.4 Hz, 6H), 6.98 (d, 
J = 7.6 Hz, 8H), 6.55 (dd, J = 8.6, 2.3 Hz, 2H), 6.53 - 6.46 (m, 2H), 5.88 (d, J = 2.3 
Hz, 2H).

N
Ir

N

N

2
N

PF6

Ir-ppy-dpa

Fig. S7 Structure and emission spectra of Ir-ppy-dpa at 10 μM in H2O/CH3CN (v/v = 9:1) with 
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different concentrations of TNP (KSV = 2614940 M-1).
Calculation of detection limits of Ir(III) complexes.

The detection limits of Ir1, Ir2 and Ir-ppy-dpa were calculated according to the 
following equation LOD = 3σ/K (σ represents the standard deviation of the blank 
measurement, K represents the slope of the linear regression). The detection limits of 
Ir1, Ir2 and Ir-ppy-dpa for TNP were calculated to be 50.17 nM, 2.23 nM and 19.75 
nM, respectively.

  

Fig. S8 The blank measurements of Ir1, Ir2 and Ir-ppy-dpa for eleven times in H2O/CH3CN (v/v 
= 9:1, 10 μM).

Tab. S6 The emission intensity of Ir1 at 525 nm, Ir2 at 583 nm and Ir-ppy-dpa 607 nm in 
eleven times in H2O/CH3CN (v/v = 9:1, 10 μM) 

Complexes X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X
Ir1 129.69 129.49 129.44 129.68 129.57 129.65 129.71 129.44 129.70 129.62 129.73 129.61
Ir2 213.94 213.89 214.00 213.92 213.92 213.97 213.76 213.67 213.93 213.64 213.73 213.85

Ir-ppy-dpa 120.65 120.52 120.16 120.12 120.03 119.59 119.92 119.19 119.15 119.09 118.94 119.76

The values of σ for Ir1, Ir2 and Ir-ppy-dpa were calculated according to the 
following equation:

σ = [∑(Xi-X)2/(n-1)]0.5

Xi (i = 1, 2, 3…11) represents the emission intensity of each test, X represents the 
mean value of the emission intensity, n represents the number of tests.
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According to the above formula, the values of σ for Ir1, Ir2 and Ir-ppy-dpa were 
calculated to be 0.1092, 0.1272 and 0.6004, respectively. 

 

Fig. S9 The emission spectra of Ir1, Ir2 and Ir-ppy-dpa at 10 μM in H2O/CH3CN (v/v = 9:1) 
with different concentrations of TNP. Insert: the slope of the linear regression.

HRMS analysis.
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Fig. S10 HRMS of the cationic portion of Ir2 before (a) and after (b) addition of TNP.
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Previously reported OSPs.

Tab. S7 Some Ir(III) complexes used as oxygen-sensitive probes and their oxygen sensitivity

OSP Matrix I0/I100 References

N

N

N Ir 3 poly(styrene-co-TFEM) 15.3 [7]

N

N

Ir
N

N

N

N

Cl

Polystyrene 2.4 [8]

S
N

S

N

S

NIr FIB 7.4 [9]

N
Ir

N

N

N

PF6

COOEt

EtOOC
H3C

CH3

Ethyl cellulose 7.3 [10]

N

CF3

Ir
O

O

2

Ethyl cellulose 5.8 [11]

N
Ir

O

O

N
2

CH3

Ethyl cellulose 16.4 [12]

NS

2

O

O

CF3

CF3

Ir Polystyrene 12.9 [13]

Cl

N

N

H
N

N

N

N
Ir

O

O

CF3

CF3

O
PN

P
N P

N

OO
O

O O

Ethyl cellulose 6.2 [14]

Ir
N

N

2
N

PF6
NS

Ethyl cellulose 25.4 This work
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The reversibility for sensing oxygen of Ir1.

Fig. S11 Reversibility and emission intensity response of sensing film of Ir1 immobilized in EC 
when cycling from 100% N2 to 100% O2.
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NMR and HRMS spectra of complexes Ir1 and Ir2.

Fig. S12. The 1H NMR spectrum of Ir1 in DMSO-d6.

Fig. S13. The 13C NMR spectrum of Ir1 in DMSO-d6.
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20190412-HP-Ir1 #7-8 RT: 0.06-0.07 AV: 2 SB: 2 0.02-0.03 NL: 5.50E7
T: FTMS + p ESI Full ms [200.00-1600.00]
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Fig. S14. The HRMS spectrum of the cationic portion of Ir1.

Fig. S15 1H NMR spectrum of Ir2 in DMSO-d6.

Fig. S16 13C NMR spectrum of Ir2 in DMSO-d6.
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20190412-hp-ir2 #6-7 RT: 0.06-0.06 AV: 2 SB: 2 0.02-0.03 NL: 5.39E6
T: FTMS + p ESI Full ms [200.00-1600.00]
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Fig. S17 The HRMS spectrum of the cationic portion of Ir2.


