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Tracking mitochondrial dynamics during apoptosis with 

phosphorescent fluorinated iridium(III) complexes† 
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a
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b
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Mitochondria are the control centers of apoptosis. To study mitochondrial dynamics during apoptosis, four 

phosphorescent fluorinated iridium(III) complexes (Ir1-Ir4) were designed and synthesized. The complexes emission 

maxima phosphorescent quantum yields, and phosphorescent lifetimes are tuned by the degree of fluorination of the 

ligand. The complexes exhibit excellent photostability and low (photo)cytotoxicity in HeLa cells. As the complexes are 

cationic and lipophilic, they localize in mitochondria and enter cells through an energy-independent pathway. In 

comparison with commercially available mitochondrial trackers MTR, Ir1-Ir4 exhibit high specificity to mitochondria even 

in fixed cells. Due to these outstanding properties, the complexes were successfully used to track mitochondrial dynamics 

during apoptosis. 

Introduction 

Apoptosis (from the Greek word for leaves falling off trees), 

was first used to describe natural cell death in the 19
th

 century 

by embryologists and anatomists.
1-3

 It is prevalent in 

eukaryotes,
4,5

 which could keep the balance between new-

generating cells from mitosis and cell death.
6
 Apoptosis 

defects can cause a variety of malignant diseases, even 

cancer.
7
 The key to triggering or inhibiting apoptosis lies in the 

mitochondria.
9,10

 Mitochondria are the powerhouse of cells
11-

13
 and their protein-related modulation of apoptosis has two 

modes, the release or activation of caspase
14,15

 and the signal 

transmission of Bcl-2 family stimuli.
16,17

 The morphologies of 

mitochondria can change during apoptosis and differ from 

normal states.
18-20

 Moreover, the mitochondrial morphologies 

are also different in different stages of apoptosis.
21-23

 To study 

the relationship between mitochondrial morphologies and 

apoptosis, it is of great importance to track mitochondrial 

dynamics during apoptosis.  

For biological dynamics tracking, the probes must exhibit 

low cytotoxicity and superior photostability.
24-26

 Organic dyes 

have been used as mitochondria imaging agents, even 

commercially. But most of them are limited in tracking 

because of poor photostability.
27,28

 Metal-based complexes 

could largely overcome photobleaching because of their 

structural properties.
29-31

 Among them, phosphorescent Ir(III) 

complexes have been shown as promising candidates for bio-

imaging.
32-35

 Compared to commercial dyes, Ir(III) probes 

possess the advantages of lower cytotoxicities, stronger 

phosphorescence intensities, longer phosphorescent lifetimes 

and good photostabilities.
29-39

 Cationic Ir(III) complexes are 

particularly of interest as they can specifically target 

mitochondria due to the mitochondrial membrane potential of 

-180 mV.
25,26,31,40

 However, most reported mitochondria-

targeting Ir(III) cations have a [Ir(C^N)2(N^N)]
+
 architecture, 

mitochondria-targeting terpyridyl Ir(III) complexes with a 

[Ir(N^N^N)(C^N)Cl]
+
 structure are rare (Fig. 1).

41,42
  

Fluorocarbons have attracted tremendous attention in 

biological applications due to their properties such as 

lipophobicity, hydrophobicity and bioinertness.
43-45

 

Interestingly, the good biocompatibility and low toxicity of 

fluorinated compounds has been reported in biological 

systems.
46-48

 Herein, a series of terpyridyl Ir(III) complexes (Ir1-

Ir4) with different fluorine atoms were designed and 

synthesized (Fig. 2) for tracking mitochondrial dynamics during 

apoptosis. The photophysical properties of the fluorinated 

complexes were studied in solution and in cells. With low 

cytotoxicities, excellent photostability and the ability to 

  

Fig. 1 Two types of Ir(III) architectures. 
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Fig. 2 The chemical structures of the iridium complexes Ir1-Ir4. 

specificity target mitochondria, the complexes were developed 

as mitochondrial probes for real-time tracking of 

mitochondrial dynamics during the early stages of apoptosis. 

The uptake mechanisms of the complexes were also 

investigated in detail. 

Results and discussion 

Design and synthesis 

The complexes were synthesized through the synthetic route 

(Scheme S1). The fluorinated terpyridyl ligands were obtained 

firstly. Then Ir1-Ir4 were synthesized by reacting IrCl3•3H2O 

and the corresponding ligands in ethylene glycol via a two-step  

 

Fig. 3  (a) Absorption spectra and (b) emission spectra of Ir1-

Ir4 (10 μM) in PBS. 

reaction. The Ir(III) complexes were purified by alumina 

column chromatography with eluents of acetonitrile and 

toluene, and characterized with elemental analysis, ES-MS (Fig. 

S1-S4), 
1
H NMR (Fig. S5-S8) and 

19
F NMR (Fig. S9-S12).  

Photophysical properties 

The photophysical properties of Ir1-Ir4 at 298 K in phosphate 

buffer saline (PBS) were performed (Fig. 3) and the data were 

presented in Table S1. A weak absorption was found around 

470 nm in the UV-Vis spectra and an intense absorption was 

observed at 300-400 nm.
49

 When excited at 405 nm, Ir1-Ir4 

exhibit yellow to orange phosphorescent emissions from 549 

to 569 nm. The wavelengths of emission peaks showed a red 

shift when the number of F atoms increased. The 

phosphorescent lifetimes of the complexes are 731 ns (Ir1), 

655 ns (Ir2), 511 ns (Ir3) and 400 ns (Ir4). Using [Ru(bpy)3]
2+

 as 

a standard, the quantum yields of Ir1-Ir4 in PBS buffer were 

measured as 14.3 %, 12.7 %, 9.23 % and 5.56 %, respectively.
50

 

The change in phosphorescent lifetime and quantum yields 

could be attributed to variations of dipole moment and 

electron distribution within the complexes, which due to the 

electron withdrawing influence of F.
51

 Furthermore, Ir1-Ir4 

displayed superior photostablity in buffer solution (Fig. S13) 

during continuous irradiation for 40 minutes, which is a 

desirable property for practical applications.  

Cellular uptake and intracellular localization 

The cellular uptake of the complexes by Human cervix  

 

Fig. 4 Confocal images of HeLa cells co-labeled with the 

complexes (10 μM, 1 h) and the commercial mitochondria 

imaging agent MTR (50 nM, 0.5 h). The complexes were 

excited at 405 nm. MTR was excited at 543 nm. The 

phosphorescence/fluorescence was collected at 550 ± 20 nm 

and 620 ± 20 nm for the complexes and MTR, respectively. BF: 

bright field. The 5
th

 column was the Pearson correlation 

coefficient. Scale bar: 20 μm. 
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adenocarcinoma (HeLa) cells was investigated by confocal 

microscopy. As shown in Fig. S14, with an increasing 

incubation time, the phosphorescent intensities in the images 

increased. The intensity of emission of the complexes in cells 

was saturated at around 60 minutes and the phosphorescence 

distributed in the cell cytoplasm. The distribution of the 

complexes was studied via co-localization assay with 

commercial organelle-targeting dyes LysoTracker® Red (LTR), 

ER-Tracker® Red (ERTR) and MitoTracker® Red (MTR). Low 

overlaps were found between the location of the complexes 

and LTR (Fig. S15). The Pearson’s correlation coefficients were 

approximately 70% for the complexes and ERTR (Fig. S16), but 

the coefficients for the complexes and MTR were more than 

80%, even more than 90% for Ir1 and Ir3 (Fig. 4). The results 

suggested the complexes mainly localize in mitochondria. Their 

mitochondrial localization was further confirmed 

quantitatively via inductively coupled plasma mass 

spectrometry (ICP-MS) analyses. Mitochondria of the 

complexes from treated HeLa cells were extracted and the 

iridium contents of the mitochondria were determined to be 

74.7% for Ir1, 82.2% for Ir2, 76.5% for Ir3 and 79.4% for Ir4 (Fig. 

S17). It has been reported a molecule with a log P value 

between 0 and 5 and a change number above zero would 

probably target mitochondria.
41,52,53

 The log P values (Fig. S18) 

of the cations Ir1-Ir4 were measured to be 0.322 (Ir1), 0.613 

(Ir2), 0.862 (Ir3) and 0.557 (Ir4). The combined results pointed 

out that the complexes were mainly localized in mitochondria.  

Cellular uptake mechanisms 

Usually, small molecules enter cells through energy-dependent 

or independent pathways.
54,55

 In order to discriminate 

whether the uptake process utilizes energy, the intracellular 

phosphorescence of Ir1-Ir4 at 37 °C and 4 °C were recorded 

first (Fig. S19). Then cells were pretreated with metabolic 

inhibitors (2-deoxy-D-glucose and oligomycin) before 

incubation with the iridium complexes.
56,57

 Results showed  

 

Fig. 5 Quantitative photobleaching results of Ir1-Ir4 and MTR 

in HeLa cells under irradiation by a light source (405 nm for the 

complexes and 543 nm for MTR) of 20.0 mW/cm
2
. 

 

Fig. 6 Confocal phosphorescence/fluorescence images and 

brightfield (BF) images of fixed HeLa cells incubated with 50 

nM MTR for 30 min or 10 µM complexes for 1 h at 37 °C. The 

complexes were excited at 405 nm. MTR was excited at 543 

nm. The phosphorescence/fluorescence was collected at 550 ± 

20 nm and 620 ± 20 nm for the complexes and MTR, 

respectively. Scale bar: 20 μm. 

that phosphorescence could still appear clearly in 

mitochondria at 4 °C, demonstrating the temperature does not 

affect the entry of the iridium complexes. HeLa cells were 

pretreated with endocytosis inhibitors (chloroquine and 

NH4Cl).
58

 Subsequent imaging of the cells showed that Ir1-Ir4 

could still cross the cell membrane in these conditions, thus 

revealing that the cellular uptake process is not endocytosis. 

The results infer that all the iridium-based probes in this work 

share a similar entry mechanism into cells, which is via an 

energy-independent pathway. 

Anti-photobleaching in cells 

The cellular microenvironment is very complex and different 

from that in buffer solution.
59

 Besides, in order to compare the 

complexes with commercial dyes, their anti-photobleaching 

properties in HeLa cells were studied. Ir1-Ir4 and MTR treated 

HeLa cells were irradiated under continuous scanning. As 

shown in Fig. 5 and S20, the fluorescent intensity of MTR 

finally decreased in half after 30 scans, while the 

phosphorescence intensities of Ir1-Ir4 were nearly unchanged  

 

Fig. 7 Viability of HeLa cells incubated with 10 μM of Ir1-Ir4 for 

24 h with or without irradiation (5 J/cm
2
, 405 nm). 
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Fig. 8 Real-time imaging of HeLa cells stained with Ir1 (10 μM) for 1 h at 37 °C, followed by treatment with 30 μM CCCP, with 

increasing scan time. Phosphorescence images of Ir1 (upper panel), Brightfield images (lower panels). The complex was excited 

at 405 nm. The phosphorescence was collected at 550 ± 20 nm. Scale: 20 μm. 

compared to initial tests. Dynamic photobleaching changes 

with time could be seen in Video S1. Results above showed 

that Ir1-Ir4 possessed good anti-photobleaching capabilities, 

and are therefore promising candidates for dynamic tracking in 

living system.  

Imaging in fixed cells 

During apoptosis, the mitochondrial membrane potential 

(MMP) can decrease or even be lost.
18-20

 Usually, MMP change 

would affect the specificity of organic commercial dyes like 

MTR.
24,27

 MMP is totally lost in fixed cells, which can represent 

the physical status of mitochondria after apoptosis. To study 

the specificity of mitochondria-targeting, the complexes were 

used to stain mitochondria in fixed cells and the commercial 

dye MTR was used as a contrast. As shown in Fig. 6, the whole-

cell staining of fixed cells was observed with MTR. However, 

Ir1-Ir4 could stain mitochondria in fixed cells as well as living 

cells, indicating the complexes can target mitochondria even 

the MMP is lost.  

Cytotoxicity measurements 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliu 

bromide) assays were set to study the cytotoxicity of the 

complexes with HeLa cells. After incubation for 24 h, the 

complexes did not present significant cytotoxicity in HeLa cells. 

Photocytotoxicity experiments were made to examine their 

potential in cellular real-time tracking. Under irradiation of 5 

J/cm
2
 at 405 nm, HeLa cells subjected to Ir1, Ir3 and Ir4 still 

showed viabilities over 80%, while more than 75% cells 

survived in Ir2 assay (Fig. 7). The results indicated that the 

complexes will not interrupt normal biological activities in cells 

during tracking.  

Tracking mitochondrial dynamic during cell apoptosis 

Now that Ir1-Ir4 were shown to have good photostablity, low 

(photo)cytotoxicity and excellent mitochondrial targeting 

properties, their application in mitochondrial dynamics 

tracking during apoptosis was put into practice. Carbonyl 

cyanide m-chlorophenylhydrazone (CCCP) can be used to 

interrupt the proton gradient across the mitochondrial 

membrane, leading to MMP decrease and apoptosis.
55

 HeLa 

cells pretreated with Ir1-Ir4 were exposed to CCCP and the 

tracking began. The changes of the mitochondrial morphology 

were shown in Fig. 8 (Video S2). The reticulum structure of the 

mitochondria was gradually transformed into small and 

dispersed fragments, indicating the early stages of apoptosis.
21

 

Similar phenomena (Fig. S20-S22, Video S3-S5) were also 

found in the experiments with Ir2-Ir4. The results displayed 

the ability of the fluorinated terpyridyl Ir(III) complexes to 

track mitochondrial dynamics during cell apoptosis. 

Conclusions 

In summary, a series of phosphorescent fluorinated Ir(III) 

complexes, Ir1-Ir4, were applied to the study of changes in 

mitochondrial morphology during apoptosis. Tuning of the 

photophysical properties of the series was demonstrated by 

the charge in degree of fluorination. The complexes also 

displayed superior photostability in PBS. Analysis by cellular 

uptake assay demonstrated the iridium-based probes entry 

into cells via an energy-independent pathway. Co-localization 

and ICP-MS analyses indicated that Ir1-Ir4 locate in the 

mitochondria of HeLa cells. The complexes were also shown to 

have low cytotoxicities and desirable photobleaching 

properties. As a result of these excellent characteristics, the 

complexes were successfully used to track mitochondrial 

dynamics during apoptosis. We expect our work will facilitate 

the introduction of fluorine chemistry and terpyridyl Ir(III) 

complexes for the study of organelles during biological events. 

Experimental section 

General information 
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The reagents and solvents for chemical synthesis were of 

analytical grade, and of biological grade for cell experiments. 

All of them were obtained from commercial sources and used 

as received unless specified. 2-phenylpyridine, 2-acetylpyridine, 

4-fluorobenzaldehyde, 3,4-difluorobenzaldehyde, 2,4,6-

trifluorobenzaldehyde and 2,3,5,6-tetrafluorobenzaldehyde 

were bought from Alfa Aesar (U.S.A.). IrCl3•3H2O was obtained 

from Energy Chemical (China). MTT and CCCP were from Sigma 

Aldrich. LTR, ERTR and MTR were purchased from Invitrogen 

(U.S.A.). HeLa cells were received from Experimental Animal 

Center of Sun Yat-Sen University (Guangzhou, China). 

Dulbecco’s modified Eagle medium (DMEM) and fetal bovine 

serum (FBS) were from Gibco. Ultrapure Milli-Q water was 

used in all experiments.  

Elemental analysis (C, H, N) was performed via Elementar 

Vario EL. Electrospray mass spectra (ES-MS) were acquired 

from a LCQ system (LCMS-2010A, SHIMADZU, Japan). 
1
H NMR 

and 
19

F NMR spectra were determined on a Bruker AVANCE AV 

500 NMR spectrometer, using d6-DMSO as solvent at room 

temperature. UV-Vis spectra were recorded on a Perkin-Elmer 

Lambda 850 spectrophotometer, and emission spectra on a 

Perkin-Elmer L55 spectrofluorophotometer at room 

temperature, respectively. Phosphorescent lifetime was 

measured via an Edinburgh FLS-920 combined fluorescence-

lifetime and steady-state spectrometer, with excitation source 

of hydrogen-filled lamp. Phosphorescence quantum yields 

were performed using [Ru(bpy)3]
2+

 as reference (0.028 in 

aerated H2O).
50

 Cell morphologies and imaging were observed 

through Zeiss LSM 710 laser microscopy system. ICP-MS was 

conducted on iCAP-RQ inductively coupled plasma mass 

spectrometer (Thermo Fisher). 

Synthesis of Ir(III) complexes Ir1-Ir4 

The complexes were synthesized by similar methods according 

to previous studies.
49,60

 Firstly, for the synthesis of the ligand, 

4’-(4-fluorophenyl)-2,2’:6’,2”-terpyridyl (L1), a mixture of EtOH 

(25 mL) , KOH (10 mmol, 0.56 g), 2-acetylpyridine (10 mmol, 

1.21 g), 4-fluorobenzaldehyde (5 mmol, 0.620 g) and NH3•H2O 

(14.5 mL) were added accordingly into a 100 mL round bottom 

flask and stirred at room temperature overnight. Then the 

cream white precipitate was filtered and washed with EtOH, 

water and diethyl-ether three times. The ligand isolated as a 

white solid was dried and saved for subsequent use.  

Secondly, a mixture of L1 (0.28 mmol, 91.6 mg) and 

IrCl3•3H2O (0.32 mmol, 112 mg) in 10 mL ethylene glycol was 

heated at 180 °C under argon for 30 minutes. The intermediate 

product was reddish-brown and filtered immediately before 

washing with EtOH, water and diethyl ether successively. The 

intermediate (after drying) was further reacted with excess 2-

phenylpyridine in ethylene-glycol at 180 °C under argon 

overnight, until the solution became clear. After cooling to 

room temperature, the solution was carefully added into 

saturated NH4PF6 solution dropwise. An orange precipitate 

was formed, isolated by filtration and washed with water and 

ether three times. The crude product was purified by column 

chromatography on neutral alumina, using acetonitrile-toluene 

(v/v: 1:2) as the eluant. The solvent was removed via rotary 

evaporator, and then the purified orange Ir1 was obtained. 

The synthesis methods of Ir2-Ir4 were similar as that of Ir1. 

[IrL1(ppy)Cl](PF6) (Ir1). Yield: 56.1%. Elemental analysis: 

calcd (%) for C32H22ClF7IrN4P: C, 45.00; H, 2.60; N, 6.56. Found: 

C, 44.77; H, 2.61; N, 6.53. ES-MS (m/z): 709.1 [M-PF6
-
]

+
, found: 

708.9 [M-PF6
-
]
+
. 

1
H NMR (500 MHz, d6-DMSO) δ 9.88 (d, J = 5.6 

Hz, 1H), 9.26 (s, 2H), 8.95 (d, J = 8.0 Hz, 2H), 8.50 (d, J = 8.2 Hz, 

1H), 8.39 (dd, J = 8.8, 5.3 Hz, 2H), 8.30-8.21 (m, 3H), 7.94 (d, J = 

7.9 Hz, 1H), 7.81 (t, J = 7.2 Hz, 1H), 7.69 (d, J = 5.3 Hz, 2H), 7.60 

(t, J = 8.8 Hz, 2H), 7.54 (t, J = 7.2 Hz, 2H), 6.92 (t, J = 7.6 Hz, 1H), 

6.75 (t, J = 7.9 Hz, 1H), 6.07 (d, J = 7.4 Hz, 1H). 
19

F NMR (470 

MHz, d6-DMSO) δ -67.40, -70.91, -109.86.  

[IrL2(ppy)Cl](PF6) (Ir2). Yield: 54.9%. Elemental analysis: 

calcd (%) for C32H21ClF8IrN4P: C, 44.07; H, 2.43; N, 6.42. Found: 

C, 43.85; H, 2.44; N, 6.39. ES-MS (m/z): 727.2 [M-PF6
-
]

+
, found: 

726.9 [M-PF6
-
]
+
. 

1
H NMR (500 MHz, d6-DMSO) δ 9.88 (d, J = 5.1 

Hz, 1H), 9.28 (s, 2H), 8.94 (d, J = 8.0 Hz, 2H), 8.49 (m, 2H), 8.27 

(m, 4H), 7.94 (d, J = 7.2 Hz, 1H), 7.89-7.79 (m, 2H), 7.70 (d, J = 

5.0 Hz, 2H), 7.55 (t, J = 7.2 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H), 6.74 

(t, J = 6.9 Hz, 1H), 6.06 (d, J = 7.7 Hz, 1H). 
19

F NMR (470 MHz, 

d6-DMSO) δ -69.39, -70.91, -135.06, -135.11, -137.18, -137.23. 

[IrL3(ppy)Cl](PF6) (Ir3). Yield: 53.8%. Elemental analysis: 

calcd (%) for C32H20ClF9IrN4P: C, 43.18; H, 2.26; N, 6.29. Found: 

C, 42.96; H, 2.27; N, 6.26. ES-MS (m/z): 745.2 [M-PF6
-
]

+
, found: 

745.0 [M-PF6
-
]
+
. 

1
H NMR (500 MHz, d6-DMSO) δ 9.87 (d, J = 5.2 

Hz, 1H), 9.16 (s, 2H), 8.82 (d, J = 8.1 Hz, 2H), 8.51 (d, J = 8.2 Hz, 

1H), 8.29 (t, J = 8.6 Hz, 1H), 8.21 (t, J = 8.5 Hz, 2H), 7.96 (d, J = 

7.2 Hz, 1H), 7.82 (t, J = 6.6 Hz, 1H), 7.75-7.63 (m, 4H), 7.56 (t, J 

= 6.1 Hz, 2H), 6.94 (t, J = 7.9 Hz, 1H), 6.79 (t, J = 7.5 Hz, 1H), 

6.03 (d, J = 7.4 Hz, 1H). 
19

F NMR (470 MHz, d6-DMSO) δ -69.40, 

-70.91, -103.85, -103.87, -103.88, -109.86, -109.87. 

[IrL4(ppy)Cl](PF6) (Ir4). Yield: 52.1%. Elemental analysis: 

calcd (%) for C32H19ClF10IrN4P: C, 42.32; H, 2.11; N, 6.17. Found: 

C, 42.11; H, 2.12; N, 6.14. ES-MS (m/z): 763.1 [M-PF6
-
]

+
, found: 

762.9 [M-PF6
-
]
+
. 

1
H NMR (500 MHz, d6-DMSO) δ 9.87 (d, J = 5.1 

Hz, 1H), 9.23 (s, 2H), 8.81 (d, J = 8.0 Hz, 2H), 8.52 (d, J = 8.2 Hz, 

1H), 8.32-8.21 (m, 4H), 7.96 (d, J = 7.4 Hz, 1H), 7.82 (t, J = 7.1 

Hz, 1H), 7.73 (d, J = 5.5 Hz, 2H), 7.58 (t, J = 7.2 Hz, 2H), 6.94 (t, J 

= 7.5 Hz, 1H), 6.79 (t, J = 7.0 Hz, 1H), 6.04 (d, J = 7.6 Hz, 1H). 
19

F 

NMR (470 MHz, d6-DMSO) δ -69.40, -70.91, -138.08, -138.11, -

138.13, -138.16, -141.38, -141.41, -141.43, -141.46.  

Cell culture 

HeLa cells were seeded in a medium containing 90% DMEM 

and 10% FBS, then cultured at 37 °C in 5 % CO2 incubator.  

MTT assay 

MTT assay was utilized to determine the cell viability of HeLa 

cells over time after treatment with the iridium-based probes. 

HeLa cells were seeded in 96-wells plates for 24 h. Then HeLa 

cells were treated with 10 μM of Ir1-Ir4 for 1 h in the dark. For 

the phototoxicity, an LED system was used to irradiate the cells 

under 405 nm (5 J/cm
2
). Then cells in both light and dark 

assays were incubated in the dark. After 24 h, the cells were 
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incubated together with MTT solution (20 μL/well, 5 mg/mL) 

for another 4 hours. Finally, the MTT media was removed and 

replaced with 200 μL of DMSO in each well. After shaking for 5 

minutes, the OD595 values were measured with a Tecan Infinite 

M200 monochromator-based multifunction microplate reader.  

Colocalization imaging 

After incubation with 10 μM of Ir1-Ir4 at 37 °C for 1 h, HeLa 

cells were stained with 50 nm LTR/MTR or 1 μM ERTR for an 

additional 0.5 h. The cells were rinsed with PBS three times 

and observed by confocal microscopy. The excitation 

wavelength of Ir1-Ir4 was 405 nm, while the three commercial 

dyes were excited at 543 nm. The emission signals were 

collected at 550 ± 20 nm for Ir1-Ir4 and 620 ± 20 nm for 

LTR/MTR/ERTR.  

ICP-MS analysis 

HeLa cells were seeded in 10 cm culture plates in 6 mL of 

DMEM with 10% FBS. After addition and incubation of Ir1-Ir4 

(10 μM) for 1 h at 37 °C, the cells were digested with trypsin 

(Gibco) and divided into two portions. One sample was 

subjected to a mitochondrial extraction kit (Beyotime 

Biotechnology), and the other was the control group. Then 

each portion was digested in 65% HNO3 for one day and 

diluted with water to 2% HNO3 solution. The content of iridium 

complexes was determined by ICP-MS.  

Cellular uptake mechanism 

In temperature tests, the cells were incubated with Ir1-Ir4 (10 

μM) for 1 h at 4 °C and 37 °C, respectively. In metabolic 

inhibition tests, cells detached from the culture were first 

incubated with 2-deoxy-D-glucose (50 mM) and oligomycin (5 

μM) in PBS for 1 h at 37 °C. For endocytic inhibition, cells were 

pretreated with NH4Cl (50 mM), or chloroquine (50 μM) for 30 

min. Then the pretreated samples with each inhibitor were 

treated with Ir1-Ir4 (10 μM) in fresh media at 37 °C for 1 h. The 

cells were imaged by confocal microscopy after washing with 

PBS.  

Fixed cells imaging 

For fixed cells, 75% EtOH was used to fix HeLa cells for 0.5 h. 

Then fixed cells were incubated with Ir1-Ir4 (10 μM, 1 h) or 

MTR (50 nm, 30 min) at 37 °C. After washed by PBS for three 

times, fixed cells imaging was performed by confocal 

microscopy. 

Real-time tracking mitochondrial dynamics during cell apoptosis 

For real-time tracking, HeLa cells were stained with Ir1-Ir4 (10 

μM) at 37 °C for 1 h, and then washed by PBS for three times. 

Before imaging, CCCP (30 μM) was added into the plates. 

Images were taken every 30 s by confocal microscopy. The 

complexes were excited at 405 nm and the emission signal was 

measured at 550 ± 20 nm.  
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Graphical Abstract 

A series of phosphorescent fluorinated Ir(III) complexes, which possess low 

cytotoxicity, excellent photostability and the specificity of mitochondria-targeting, 

were used for tracking mitochondrial dynamics during apoptosis.  
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