
1

Supporting Information

Hypoxia efficient and glutathione resistant cytoselective 
Ruthenium(II)-p-cymene-arylimidazophenanthroline complexes: 
biomolecular interaction and live cell imaging†

Ashaparna Mondal, Priyankar Paira*

Department of Chemistry, School of advanced sciences, Vellore Institute of Technology 
Vellore-632014, Tamilnadu (India), E-mail: priyankar.paira@vit.ac.in

                                                                                                                                          Page No
Fig. S1: UV-Vis spectra and emission spectra of complexes                                                           2
Fig. S2: Time dependent molar conductivity                                                                                  3
Fig. S3: PH dependent molar conductivity                                                                                     3
Fig. S4: GSH dependent molar conductivity                                                                                  4                                   
Fig.S5: Conductivity with the increasing concentration of Ct-DNA                                                4
Fig. S6: Stability study in 10 % DMSO media                                                                               5     
Fig. S7: Stability study in aqueous GSH media                                                                              6
Fig. S8: DNA binding plots                                                                                                          6
Fig. S9: [DNA]/(εa-εf) vs. [DNA] linear plots                                                                                7
Fig. S10: EtBr quenching plots                                                                                                     7
Fig. S11: Stern-Volmer plots of I0/I vs. complexes                                                                        8
Fig. S12: Viscosity plot of complexes and EtBr with Ct-DNA                                                       8
Fig. S13: Interaction of complexes (a) RuL1 and (b) RuL4 with BSA                                            9
Fig. S14: Stern-Volmer plot of I0/I vs. concentration of (a) complex                                              9
Fig. S15: Scatchard plot of log([I0-I]/I) vs. log[Complex] for BSA                                                9
Fig. S16: Ligand L1 (a) Chemical structure (b) 1H NMR (C) 13C NMR (d) IR spectra (e) ESI-MS 9-11                                            
Fig. S17: Ligand L2 (a) Chemical structure (b) 1H NMR (C) 13C NMR (d) IR spectra (e) ESI-MS 11-14
Fig. S18: Ligand L3 (a) Chemical structure (b) 1H NMR (C) 13C NMR (d) IR spectra (e) ESI-MS 14-17
Fig. S19: Ligand L4 (a) Chemical structure (b) 1H NMR (C) 13C NMR (d) IR spectra (e) ESI-MS 17-20
Fig. S20: Complex RuL1 (a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, and (f) 
ESI-MS (Chromatogram, full spectra & Zoom scan)                                                 21-24
Fig. S21: Complex RuL2(a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, and (f) 
ESI-MS (Chromatogram, full spectra & Zoom scan)                                                        25-29
Fig. S22: Complex RuL3(a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, and (f) 
ESI-MS (Chromatogram, full spectra & Zoom scan)                                                        30-33
Fig. S23: Complex RuL4(a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, and (f) 
ESI-MS (Chromatogram, full spectra & Zoom scan)                                                         34-37
Fig.S24: CHN analysis                                                                                                             38-39

                                                 

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2020

mailto:priyankar.paira@vit.ac.in


2

400 450 500 550 600
0.0

0.1

0.2

0.3

0.4

0.5

300 400 500 600 700
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

MLCT

Absorption for MLCT Transition

 

 

 

 

 RuL1
 RuL4
 RuL2
 RuL3









UV-Visible Spectra

MLCT

Ab
so

rb
an

ce

Wavelength(nm)



(a)

375 400 425 450 475 500 525 550 575 600
0

1000

2000

3000

4000

5000

6000

7000

MLCT Emission
Fluorescence Spectra

 

 

Fl
uo

re
sc

en
ce

 In
te

ns
ity

Wavelength(nm)

 RuL1

350 400 450 500 550 600
0

400

800

1200

1600

2000

Fl
uo

re
sc

en
t I

nt
en

sit
y

Wavelength (nm)

 RuL2

400 450 500 550 600
0

100

200

300

400

500

600

700

800

Fl
uo

re
sc

en
ce

 In
te

ns
ity

Wavelength (nm)

 RuL3

400 450 500 550 600 650
0

100

200

300

400

500

Fl
uo

re
sc

en
ce

 In
te

ns
ity

Wavelength (nm)

 RuL4

                                                                (b)

Fig. S1: (a) UV-Vis spectra (b) emission spectra of complexes RuL1–RuL4 in DMSO-water 
(1:1) solvent system at room temperature λex = 380 nm.
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Fig. S2. Time dependent molar conductivity of compound RuL1 (black) and RuL4 (red) 
in 10% DMSO
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Fig. S3. PH dependent molar conductivity of compound RuL1 (Pink) and RuL4 (Green) 
in DMSO
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Fig. S4. GSH dependent molar conductivity of compound RuL1 (Orange)and RuL4 
(blue) in DMSO
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Fig. S5. Conductivity of compound RuL4 in DMSO w.r.t the increasing concentration 
of Ct-DNA
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Fig. S6: (a) Stability of RuL1 and (b) RuL4 in 10 % DMSO media
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Fig. S7: Stability of (a) RuL1 and (b) RuL4 in aqueous GSH media
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Fig. S8: DNA binding plots of (a) complex RuL1 and (b) complex RuL4



6

0 10 20 30 40 50 60 70
0

2

4

6

8

10

12

14

[DNA] x 106

Kb = Slope/Intercept
     = 0.6 x 105 

R2= 0.956
Slope= 0.18
Intercept= 2.96

[D
NA

/
a-
 f)

] x
 1

09 )

0 10 20 30 40 50 60
0

200
400
600
800

1000
1200
1400
1600
1800
2000

[D
NA

/
a-
 f

)] 
x 

10
12

[DNA] x 106

R2= 0.9997
Slope= 60.00
Intercept= 302.04884

Kb = Slope/Intercept
     = 2.0 x 105 

(a)                                                            (b)

0 10 20 30 40 50 60
0

2

4

6

8

10

12

14

16

18

[DNA] x 106

Kb = Slope/Intercept

     = 0.35 x 105 

R2= 0.97
Slope= 0.172
Intercept= 5.02

[D
NA

/e
a-

e f
)] 

x 
10

9 )

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
0
4
8

12
16
20
24
28
32
36
40

Kb = Slope/Intercept

     = 0.75 x 105 

R2= 0.993
Slope= 0.498
Intercept= 6.7

[DNA] x 106

[D
NA

/
a-
 f)

] x
 1

09 )

                                     (c)                                           (d)

Fig. S9: [DNA]/(εa-εf) vs. [DNA] linear plots of complex RuL1 at (a) λmax = 250 nm (b) 
λmax = 300 nm (c) λmax = 380 nm and complex RuL4 at (d) λmax = 300 nm
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Fig. S10: EtBr quenching plots of complex (a) RuL1 and (b) RuL4
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Fig. S11: Stern-Volmer plots of I0/Ivs. complexes (a) RuL1 and (b) RuL4
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Fig. S12: Viscosity plot of complexes RuL4 and EtBr with Ct-DNA
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Fig. S13: Interaction of complexes (a) RuL1 and (b) RuL4 with BSA
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Fig. S14: Stern-Volmer plot of I0/I vs. concentration of (a) complex RuL1 and (b) 
Complex RuL4
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Fig. S15: Scatchard plot of log([I0-I]/I) vs. log[Complex] for BSA in the presence of (a) 
Complex RuL1 and (b) Complex RuL4
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(e)

Fig. S16: Ligand L1 (a) Chemical structure (b) 1H NMR (c) 13C NMR (d) IR spectra, and 
(e) ESI-MS
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(d)

(e)

Fig. S17: Ligand L2 (a) Chemical structure (b) 1H NMR (c) 13C NMR (d) IR spectra, and 
(e) ESI-MS
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(d)

(e)

Fig. S18: Ligand L3 (a) Chemical structure (b) 1H NMR (c) 13C NMR (d) IR spectra, and 
(e) ESI-MS
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(e)

Fig. S19: Ligand L4 (a) Chemical structure (b) 1H NMR (c) 13C NMR (d) IR spectra, and 
(e) ESI-MS
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(f)

Fig. S20: Complex RuL1 (a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, 
and (f) ESI-MS (Chromatogram, full spectra & Zoom scan)
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(f)

Fig. S21: Complex RuL2(a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, 
and (f) ESI-MS (Chromatogram, full spectra & Zoom scan)
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(f)

Fig. S22: Complex RuL3(a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, 
and (f) ESI-MS (Chromatogram, full spectra & Zoom scan)
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(f)

Fig. S23: Complex RuL4 (a) 1H NMR (b) 19F NMR (c) 31P NMR (d) 13C NMR (e) IR spectra, 
and (f) ESI-MS (Chromatogram, full spectra & Zoom scan)
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CHN analysis
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Fig. S24 CHN analysis: (a) PAP = RuL1 (b) PCP = RuL2 (c) PIP = RuL3 (d) PNP 
= RuL4


