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Synthesis and Characterization

[Ru(bpy)2(5CNU),](PFe)> was prepared by reacting 50 mg (0.1 mmol) Ru(bpy),Cl, with
55 mg (0.22 mmol) of AgSO;CF; in 10 mL of methanol which led to a color change from an
intense purple color to dark red. The solution was placed in the freezer overnight and then
filtered to remove AgCl. A quantity of 5-CNU (137 mg, 1.0 mmol) was added to the solution and
refluxed under N, for 2 h which led to a color change from dark red to bright yellow. The solvent
was removed and the crude product was re-dissolved in boiling water and filtered. To the filtrate
was added 5 mL of saturated NH4PF¢. The yellow precipitate was collect on a frit and washed
with 3 x 5 mL portions of cold water followed by diethyl ether and dried under a vacuum. Yield
65 mg (67%). 'H NMR (400 MHz) in dimethyl sulfoxide-d6 (splitting, integration): 7.44 (t, 2H)
bpy, 7.68 (d, 2H) bpy, 7.97 (t, 2H) bpy, 8.11 (t, 2H) bpy, 8.42 (t, 2H)bpy, 8.51 (s, 2H) SCNU, 8.77
(d, 2H) bpy, 8.89 (d, 2H) bpy, 9.52 (d, 2H) bpy, 11.75 (s, 2H) SCNU, 12.22 (s, 2H) 5CNU.

'H NMR (400 MHz) in dimethyl sulfoxide-d6 for the SCNU ligand: splitting, integration):
8.43 (s, 1H), 11.72 (s, 1H), 11.95 (s, 1H).

Crystallography

The data collection crystal was an orange trapezoid-shaped prism. Examination of the
diffraction pattern on a Nonius Kappa CCD diffractometer indicated a triclinic crystal system.
All work was done at 150 K using an Oxford Cryosystems Cryostream Cooler. The data
collection strategy was set up to measure a hemisphere of reciprocal space with a redundancy
factor of 3.2, which means that 90% of the reflections were measured at least 3.2 times. Phi and
omega scans with a frame width of 1.0° were used. Data integration were carried out with
Denzo', and scaling and merging of the data was done with the use of the Scalepack' program.
After merging the data and averaging the symmetry equivalent reflections a Rint value of 0.045
was obtained.

The structure was solved by the Patterson method in SHELXS-97” for the position of the
Ru atom. Standard Fourier methods were used to obtain the rest of the structure. Full-matrix
least-squares refinements based on F* were performed in SHELXL-97°, as incorporated in the
WinGX package.” The asymmetric unit consists of the Ru complex, two PFs anions, and two
solvent molecules of acetone. There is also a region of electron density which contains a
disordered solvent molecule. This was treated with the SQUEEZE procedure® of Platon’. The
total volume of the solvent accessible void for this region is 260.0 A?, with an electron count of
73 electrons/unit cell.



Similarity restraints were used for the refinement of the [PF¢]™ anions such that the P-F
bonds were restrained to be equal within a standard uncertainty of 0.01 A (SADI restraint). For
each methyl group of the acetone molecules, the hydrogen atoms were added at calculated
positions using a riding model with U(H) = 1.5 * Ueq(bonded carbon atom). The rest of the
hydrogen atoms were included in the model at calculated positions using a riding model with
UH) = 1.2 * Ueq(bonded atom). Atoms N(2), N(3), N(5) and N(6) are involved in
intermolecular hydrogen bonds (see Table 6).

The final refinement cycle was based on 10553 intensities, 30 restraints and 604 variables
and resulted in agreement factors of R1(F) = 0.068 and wR2(F?) = 0.145. For the subset of data
with I > 2*sigma(I), the R1(F) value is 0.052 for 8370 reflections. The final difference electron
density map contains maximum and minimum peak heights of 0.97 and -0.81 e/A>. Neutral atom
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scattering factors were used and include terms for anomalous dispersion.

Table S1. Crystallographic details for 1

Formula

Formula weight
Temperature
Wavelength

Crystal system
Space Group

Unit Cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

O range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to © = 27.48°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ > 20(1)]
R indices (all data)

Largest diff. peak and hole

C30H22N1904Ru + 2(PFs) + 2(C3HO)
1093.74

150(2) K

0.71073 A

triclinic

3]

a=11.5899(1) A
b=13.8311(1) A

¢ =16.6970(2) A
2314.85(4) A’

2

1.569 Mg / m’

0.510 mm™

1100

0.12x0.19 x 0.19 mm’
2.08 to 27.48°
-15=<h=<15,-17<k=<17,21 <1=21
64704

10553 [R(int) = 0.045]

99.5 %

Full-matrix least-squares on F*
10553/ 30/ 604

1.048

R; =0.0517, wR,=0.1360

R; =0.0685, wR,=0.1447

0.969 and -0.807 /A’

o = 103.009(1)°
B =109.326(1)°
v =103.741(1)°




Figure S1. ORTEP diagrm of 1 drawn with 30% probability ellipsoid for the non-hydrogen
atoms. The hydrogen atoms are drawn with an artificial radius.

Table S2. Selected bond lengths of 1 from crystallography and from the calculated optimized geometry.

Selected Bonds Crystallographic lengths (A) Calculated lengths (A)
Ru-N(1) 2.034(3) 2.038
Ru-N(4) 2.025(3) 2.038
Ru-N(7) 2.067(3) 2.106
Ru—N(8) 2.044(3) 2.047
Ru-N(9) 2.044(3) 2.094

Ru-N(10) 2.061(3) 2.111




DFT optimized geometry and MO diagram

Calculatigns were pergfpl%med with density functional theory (DFT) using the Gaussiall{l 03
program. The B3LYP functional along with the 6-31G* basis seltzfor H, C,N, and S, and
the SDD energy-consistent pseudopotentials for Ru were used. Geometries were fully
optimized uls3ing the criteria of the respective programs. Orbital analysis was completed with
GaussView. Electronic transitions were calculated using the TDDFT methods implementation
within Gaussian 03.

Dark reactivity of intermediate

The chloride salt of [Ru(bpy)2(5CNU),]*" (80 uM) was irradiated in H,O for 1.5 min then left in
the dark and monitored by electronic absorption. After irradiation the MCLT shifts from 410 nm
to 450 nm indicating the formation of the intermediate [Ru(bpy)2(5CNU)(H,0)]*" (3). The data
in Fig. S2 show that, unlike the reactivity observed upon 15 min irradiation, the reaction does
not proceed from 3 to the bis-aqua complex 4 in the dark at room temperature during the same
time period.
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Figure S2. Changes to the absorption spectrum of 1 in water (black, solid) upon irradiation for
90 s (red, long dashed), then kept in the dark for 15 min (blue, dotted).



Ligand Exchange Quantum Yield Determination

Quantum yields were determined following the procedure outlined in Handbook of
Photochemistry, 3" ed."* The sample was irradiated with a 150 W Xe are lamp. The wavelength
of light was controlled with a 400 nm band-pass filter (Newport). Quantum yields were measure
relative to ferrioxalate.
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