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Synthesis and characterization 
 

[Os(bpy)2(dppn)](PF6)2 ([3](PF6)2) was synthesized by the direct coordination of dppn 
(35 mg) to Os(bpy)2Cl2

S1 (57 mg) in refluxing 10 ml thoroughly deaerated ethylene glycol under 
N2 for 4 h. The cool mixture was filtered through Celite to remove free dppn ligand. An equal 
volume of a saturated NH4PF6 solution was added to precipitate the product. The olive green 
solid was washed with water and ether, and dried under vacuum. Purification by chromatography 
on neutral alumina with acetonitrile as the eluent was applied to yield 45 mg (41 %) of the final 
product. 1H NMR (400 MHz, CD3CN; Figure S1) δ (ppm): 9.56 (dd, J = 8.16, 1.21 Hz, 2H), 9.21 
(s, 2H), 8.87 (dd, J = 12.91, 8.07 Hz, 4H), 8.48 (dd, J = 5.53, 1.21 Hz, 2H), 8.45 (dd, J = 6.53, 
3.22 Hz, 2H), 8.15-8.06 (m, 6H), 8.05-7.97 (m, 4H), 7.82 (dd, J = 6.67, 3.16 Hz, 2H), 7.61-7.56 
(m, 2H), 7.36 (ddd, J = 7.38, 5.82, 1.30 Hz, 2H). MALDI MS: m/z, 981.2, 
[Os(bpy)2(dppn)](PF6)+. 

 

 
 

Fig. S1 1H NMR spectrum of [Os(bpy)2(dppn)](PF6)2 in CD3CN. 
 

The syntheses of [Ru(bpy)3](PF6)2 ([1](PF6)2) and [Ru(bpy)2(dppz)](PF6)2 ([2](PF6)2) 
have been previously described.S2 The chloride salt of each complex was precipitated by the 
addition of a saturated Bu4NCl acetone solution to the corresponding PF6 complex in acetone. 
The solid was filtered, washed with acetone, diethyl ether, and dried under vacuum.  
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Electrochemistry 
 

The electrochemistry of each complex was measured in a single-compartment three-
electrode cell using distilled acetonitrile containing 0.1 M Bu4NPF6 as the supporting electrolyte, 
a glassy carbon working electrode, a platinum wire auxiliary electrode, and a Ag/AgCl reference 
electrode. At the end of each experiment, a small amount of ferrocene (Fc) was added as an 
internal standard, and E1/2(Fc+/0) = 0.66 V versus NHE was used as reference for calculating the 
oxidation and reduction potentials of each complex.S2 
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Fig. S2 Square wave voltammograms of (a) 4 and (b) 3 in CH3CN. 
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Theoretical calculations 
 

The molecular and electronic structure calculations were performed with density 
functional theory (DFT) using the Gaussian03 (G03) program package.S3 The B3LYP functional 
with the 6-31G** basis setS4 was used for hydrogen, carbon, and nitrogen. The LanL2DZ basis 
setS5 and effective core potential were for osmium. The geometries of the ground states of 3 were 
optimized in the gas phase with subsequent frequency analysis to show that the structures are at 
the local minima on the potential energy surface. Electronic structures of 3 were calculated using 
the conductor-like polarizable continuum model method (CPCM) with water as the solvent. 
Time-dependent DFT calculations produced the singlet and triplet excited states of 3 starting 
from its optimized singlet ground state geometry, using the CPCM method with water as the 
solvent. The electronic distributions and localizations were calculated using the electron density 
difference maps (EDDMs) by GaussSum 1.0S 6  and the EDDM images were generated by 
GaussView 3.0. The electronic orbitals were visualized using Molekel 5.4.S7 

The calculated molecular orbital energies with corresponding orbital images of 3 are 
shown in Figure S3. The calculated singlet and triplet excited states of 3 are listed in Table S1 
and S2, respectively. 

 

 
 

Fig. S3 Calculated MO diagram with corresponding MO pictures of 3. 
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Table S1. The lowest ten calculated singlet electronic transitions with electron density difference 
maps (EDDMs) of 3 in water (isovalue = 0.001). 
 

No. E / eV λ / nm f Electronic transitions (coefficient) EDDMs 

1 2.0697 599.04 0.0004
HOMO→LUMO (0.67101) 

HOMO→ LUMO+1 (-0.16214) 
HOMO→ LUMO+2 (0.13626) 

2 2.291 541.18 0.068 HOMO-2→ LUMO (0.10611) 
HOMO-1→ LUMO (0.68275) 

3 2.2936 540.56 0.0054
HOMO→ LUMO (0.13442) 

HOMO→ LUMO+1 (0.67322) 
HOMO→ LUMO+2  (0.13394) 

4 2.3214 534.09 0.0205 HOMO-3→ LUMO (0.16016) 
HOMO-2→ LUMO (0.63070) 

5 2.3249 533.28 0.0005

HOMO-3→ LUMO (0.66163 
HOMO-3→ LUMO+1 (-0.12920) 
HOMO-3→ LUMO+2 (0.11644) 
HOMO-2→ LUMO (-0.15300) 

6 2.3808 520.76 0.0006 HOMO→ LUMO+2 (-0.11742) 
HOMO→LUMO+3 (0.68294) 

7 2.3959 517.48 0.0011

HOMO→ LUMO (-0.16421) 
HOMO→ LUMO+1 (-0.10130) 
HOMO→ LUMO+2 (0.65572) 
HOMO→ LUMO+3 (0.11523) 

8 2.576 481.31 0.0507

HOMO-3→ LUMO+3 (-0.16199) 
HOMO-2→ LUMO+1 (0.10159) 
HOMO-1→ LUMO+1 (0.63460) 
HOMO-1→ LUMO+2 (0.19531) 

9 2.5913 478.46 0.0312
HOMO-3→ LUMO (0.11528) 

HOMO-3→ LUMO+1 (0.62501) 
HOMO-1→ LUMO+3 (-0.28112)

10 2.6326 470.96 0.0052

HOMO-3→ LUMO (-0.13365) 
HOMO-3→ LUMO+1 (-0.18715) 
HOMO-3→ LUMO+2 (0.46975) 
HOMO-1→ LUMO+3 (-0.42973)
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Table S2. The lowest two calculated triplet electronic transitions with electron density difference 
maps (EDDMs) of 3 in water (isovalue = 0.001).  
 

No. E / eV λ / nm Electronic transitions (coefficient) EDDMs 

1 1.3906 891.59 

HOMO-9→LUMO (-0.10811) 
HOMO-2→LUMO (0.79114) 

HOMO-2→LUMO+9 (0.19056) 
HOMO-1→LUMO (-0.12696) 

 

 
 
 
Transient absorption 
 

The ultrafast transient absorption spectra were collected for each complex with a 
concentration of 60 – 100 μM. The samples were excited at 310 nm, with pump energy at the 
sample position of ~ 6 μJ (fwhm ~ 300 ps).S8 

The home-built transient absorption instrument for measurements on the nanosecond and 
microsecond timescales was previously described.S9 Excitation was accomplished through the 
use of a Spectra-Physics GCR-150 Nd:YAG laser (λex = 355 nm, fwhm ~ 8 ns). The nanosecond 
transient absorption spectrum of 3 at 10 ns after laser pulse was shown in Figure S4. 
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Fig. S4 Transient absorption spectrum of 3 (30 μM) in acetonitrile. 
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DNA photocleavage mechanism 
 

A 150 W xenon arc lamp in a PTI housing (Milliarc Compact Lamp Housing) powered 
by an LPS-220 power supply (PTI) with an LPS-221 igniter (PTI) was used as the irradiation 
source for the DNA photocleavage experiments. The irradiation wavelength was selected by 
placing long-pass colored glass filters (Melles Griot) between the source and the sample. The 
ethidium bromide stained agarose gels were imaged using a GelDoc 2000 transilluminator 
(BioRad) equipped with Quantity One (version 4.0.3) software. 
 

 
 

Figure S5. Ethidium bromide stained agarose gel of the photocleavage of 100 μM pUC18 
plasmid by 20 μM 3 in 5 mM Tris with 50 mM NaCl (pH = 7.5) at (a) tirr = 60 min, λirr ≥ 495 nm. 
Lane 1 contains plasmid only in dark.  Lanes 2 – 6 with both of complex and plasmid were 
irradiated under various conditions. Lane 2, dark; lane 3, in air; lane 4, in D2O; lane 5, six freeze-
pump-thaw cycles; lane 6, 2 units superoxide dismutase. (b) tirr =  60 min, λirr ≥ 455 nm. Lane 1 
contains DNA only. Lanes 2 – 4 with both of complex and plasmid were irradiated under various 
conditions. Lane 2, in air; lane 3, in D2O; and lane 4, 50mM NaN3. 
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