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Experimental Section 
Materials. Commercial DMF, acetone and acetonitrile were degassed by bubbling nitrogen. The 

supporting electrolyte (n-Bu4N)BF4 was prepared from (n-Bu4N)HSO4 and NaBF4 (Aldrich) and 

dried overnight at 80 °C under vacuum. [Co(dmgBF2)2(OH2)2],[1] [Co(dpgBF2)2(OH2)2],[2] 

[(bpy)2Ru(L-pyr)](PF6)2,[3]  p-cyanoanilinium tetrafluoroborate[4] and triethylammonium 

tetrafluoroborate[5] were prepared as previously described. Cobalt(II) chloride hexahydrate (Acros) 

dimethylglyoxime (Acros) and triethylamine (Acros) were used as received.  

 

Methods and Instrumentation. Electrochemical measurements were carried out under nitrogen. 

A standard three-electrode configuration was used consisting of a glassy carbon (3 mm in diameter) 

or platinum (2 mm in diameter) disk as the working electrode, an auxiliary platinum wire and an 

Ag/AgCl/ aqueous AgClsat + KCl 3 mol.L-1(hereafter named Ag/AgCl) reference electrode closed by 

a Vicor frit and directly dipped into the solution.  In order to take the liquid junction potential 

between the aqueous and nonaqueous solution into account, this electrode was calibrated with the 

internal reference system Fc+/ Fc, which was found at  0.46 V vs Ag/AgCl  in CH3CN (0.53 V vs in 

DMF). The Fc+/Fc couple (E0 = 0.400 V vs SHE) can be used to quote potentials to SHE, when 

needed.[6] 

 Cyclic voltammograms were recorded on a EG&G PAR 273A instrument. Solution 

concentrations were ca. 1 mM for the cobaloxime and 0.1 M for the supporting electrolyte (n-

Bu4N)BF4. Electrodes were polished on a MD-Nap polishing pad with a 1 μm monocrystalline 

diamond DP suspension. 

p-cyanoanilinium tetrafluoroborate was added as solid and Et3NHCl (0.05 mol.L–1 solution in the 

given solvent) by syringe. Voltammograms of the supporting electrolyte and of solutions of 

Et3NHCl and p-cyanoanilinium tetrafluoroborate in the presence of the supporting electrolyte were 

previously published.[7, 8]  

Photocatalytic experiments were carried out in a Schlenk tube made of pyrex. Irradiation was 

performed with a 150 W CdI doped-high pressure mercury lamp (Heraeus TQ 150 Z3) surrounded 

by a quartz water-cooling jacket.  In some experiments, a B+W 55E010 cut-off filter (350 nm) was 

used. 

In a typical experiment, the Schlenk tube (46 cm3) was filled with the photocatalyst (0.43 mmol.L–1), 

acetone (10 mL), triethylamine (60 μL, 0.043 mol.L–1, 100 equiv) and triethylammonium 

tetrafluoroborate (80 mg, 0.043 mol.L–1, 100 equiv) was thoroughly degassed by nitrogen bubbling 

and irradiated under stirring for 4 hours. Gas samples (50 μL) were taken periodically using a gas-

tight syringe and analyzed using a Delsi Nermag DN200 gas chromatograph equipped with a 3 m 

porapack® column and a thermal conductivity detector. The volume of hydrogen produced was 

estimated, knowing the total volume of the reactor, from a calibration curve.  Under these conditions 

([Ru] = 0.466 mmol.L–1;  irradiation performed in pyrex glassware using a 150 W CdI-doped Hg 
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lamp with the same set-up as for experiments in Table 1), 6 turnovers are achieved  with regard to 

the catalytic cobalt moiety within 1 hour for the multicomponent system described by Lehn and 

coworkers[9] consisting in {[Ru(bpy)3]Cl2 /[Co(dmgH)2(OH2)2] 2.4 equiv./ dmgH2 15.4 equiv.} in a 

1:2 (v/v) mixture of triethanolamine and DMF buffered to apparent pH 8.8 with acetic acid. For this 

system, the quantum yield was shown to be superior to 0.13.  

Flash-absorption and emission transients were measured with setups of local design. All 

measurements were done at 296 K in 10 x 10 mm sealed cuvettes. For absorption transients the 

measuring light was provided by a 450 W pulsed Xenon lamp. The wavelength was selected with 

interference filters placed before and a monochromator (Czerny-Turner) placed after the sample. The 

sample was excited at 90° to the measuring beam by a flash from a frequency-tripled Nd:YAG laser 

equipped with an OPO (Surelight I/SLOPO, Continuum). Absorbance changes were detected with a 

silicon photodiode and signals were amplified by a wideband preamplifier (model 5185, EG&G) 

before recording by a digital oscilloscope (TDS 3034B, Tektronix). For emission transients 

excitation was done by a flash from a frequency-doubled nanosecond Nd:YAG laser (Quantel). The 

detection wavelength was selected by interference filters and signals were detected with a 

microchannel plate photomultiplier tube (R2566U, Hamamatsu) and a digital oscilloscope (TDS 

744A, Tektronix).  

 

Syntheses 

[(bpy)2Ru(L-pyr)Co(dmgBF2)2(OH2)](PF6)2 (1): [Co(dmgBF2)2(OH2)2] (34 mg, 0.080 mmol)  

and [(bpy)2Ru(L-pyr)](PF6)2 (80 mg, 0.080 mmol) were dissolved in acetone (20 mL) and stirred for 

one hour. Removal of the solvent yields an orange solid of 1.2H2O.acetone which is washed with 

diethyl ether (109 mg, 0.073 mmol, 91%). UV-vis. (DMF) λmax (ε): 454 nm (19000 mol–1.L.cm–1), 

322 (32500). Elemental analysis (%) calcd for C49H50BB2CoF16N12O9P2Ru (1498.54 g.mol ): C 

39.27, H 3.36, B 1.44, Co 3.92, F 20.28, N 11.22, P 4.13, Ru 6.73; found C 39.54, H 2.98, B 1.14, 

Co 2.92, F 19.48, N 11.44, P 4.18, Ru 5.74. 
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  [(bpy)2Ru(L-pyr)Co(dmgH)2Cl](PF6)2 (2): CoCl2.6H2O (47.5 mg, 0.200 mmol), 

dimethylglyoxime (52.5 mg, 0.452 mmol, 2.2 equiv) and NaOH ( 8.0 mg, 0.20 mmol, 2.0 equiv) 

were dissolved in 95% ethanol (10 mL). [(bpy)2Ru(L-pyr)](PF6)2 (200 mg, 0.200 mmol, 1.0 equiv) 

was then added and the resulting solution was heated to 70°C under stirring for 1 h. After cooling, a 

stream of air was then passed through the brown solution for 2 hours which caused precipitation of a 

orange solid. The precipitate was filtered and washed with water, ethanol, ether and chloroform to 

give a orange-black oil with is dissolved in dichloromethane. Removal of the solvent yielded pure 

[(bpy)2Ru(L-pyr)Co(dmgH)2Cl](PF6)2.4 H2O (73 mg, 0.05 mmol, 25%). UV-vis. (DMF) λmax (ε): 

460 (sh) nm (16000 mol–1.L.cm–1), 426 (19900), 341 (44000). Elemental analysis (%) calcd for 

C46H48ClCoF12N12O9P2Ru (1398.33 g.mol–1): C 39.51, H 3.46, Cl 2.54, Co 4.21, F 16.30, N 12.02, P 
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4.43, Ru 7.23; found C 39.49, H 3.25, Cl 3.09, Co 4.30, F 13.50, N 11.94, P 4.34, Ru 6.88; 1H NMR 

(300 MHz, acetone d6): δ= 18.57 (broad, OH), δ= 9.13 (q; 2H), δ= 8.84 (q; 4H), δ= 8.55 (t; 2H), δ= 

8.48 (d; 2H), δ= 8.33 (d; 2H), δ= 8.26 (t; 2H), δ= 8.16 (d; 2H), δ= 8.08 (m; 4H), δ= 7.94 (d; 2H), δ= 

7.64 (t; 2H), δ= 7.37 (m; 2H), δ= 2.32 ppm (s, 12H, dmg2–). ESI-MS(m/z, acetone) : 1180.0 

({M(PF6)}+, 18%), 857.0 ({[(bpy)2Ru(L-pyr)](PF6)}+, 25%), 517.5 (M2+, 72%), 356 ([(bpy)2Ru(L-

pyr)]2+, 100%). 

 

[(bpy)2Ru(L-pyr)Co(dpgBF2)2(OH2)](PF6)2 (3): [Co(dpgBF2)2(OH2)2] (54 mg, 0.080 mmol)  and 

[(bpy)2Ru(L-pyr)](PF6)2 (80 mg, 0.080 mmol) were dissolved in acetone (20 mL) and stirred for one 

hour. Removal of the solvent yields an orange solid of 3.3H2O which is washed with diethyl ether 

(116 mg, 0.068 mmol, 85%). UV-vis. (DMF) λmax (ε): 453 nm (25000 mol–1.L.cm–1), 324 (56000). 

Elemental analysis (%) calcd for C66H54BB2CoF16N12O9P2Ru (1706.76 g.mol ): C 46.45, H 3.19, B 

1.27, Co 3.45, F 17.81, N 9.85, P 3.63, Ru 5.92; found C 46.49, H 3.17, B 1.43, Co 2.77, F 16.98, N 

9.46, P 2.82, Ru 5.20. 

–1
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Figure S1:  Cyclic voltammograms of [Co(dmgBF2)2(dmf)2] (red), 1 (green) and [(bpy)2Ru(L-

pyr)](PF6)2 (blue) recorded in a DMF solution of n-Bu4NBF4 (0.1 mol.L–1) on a glassy carbon 

electrode ( 100 mV.s–1) starting on reduction (potentials versus Ag/AgCl) 

-2 -1.5 -1 -0.5 0 0.5 1

E /V vs Ag/AgCl

5 µA

 

 

 

Figure S2:  Cyclic voltammogram of  3  recorded in a DMF solution of n-Bu4NBF4 (0.1 mol.L–1) 

on a glassy carbon electrode (100 mV.s–1) starting on reduction (potentials versus Ag/AgCl) 

-2 -1.5 -1 -0.5 0 0.5 1
E /V vs Ag/AgCl

5 µA
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Figure S3:  Cyclic voltammogram of 1 (10–3 mol.L–1) recorded in a CH3CN solution of n-Bu4NBF4 

(0.1 mol.L–1) at a glassy carbon electrode at 100 mV.s-1 in the presence of p-cyanoanilinium 

tetrafluoroborate: 

-1000 -800 -600 -400 -200 0 200 400
E /V vs Ag/AgCl
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Figure S4:  Normalized emission kinetics (first-order exponential decay of the 3MCLT) at 650 nm 

upon excitation with a nanosecond laser flash (532 nm) of 1 (green), 2 (blue), 3 (red), and 

[(bpy)2Ru(L-pyr)]2+ (black)  in argon-saturated acetone. 
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Figure S5:  Steady state emission spectra from the 3MCLT, uncorrected, upon excitation at 532 

nm, of 1 (green), 2 (blue), 3 (red), and [(bpy)2Ru(L-pyr)]2+ (black)  in argon-saturated acetone. 
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Table S1: Potentials of cobalt-centered electrochemical processes measured versus Ag/AgCl in 

DMF ([n-Bu4NBF4] = 0.1 mol.L–1) at a glassy carbon electrode for the compounds of the study (scan 

rate : 100 mV.s–1). 

 Epc (CoIII/CoII) (Epc+Epa)/2 
(CoII/CoI) 

[CoII(dmgBF2)2(OH2)2] – –0.55[7, 8] 

[CoIII(dmgH)2(py)Cl] –0.59 –0.98[8] 

[CoII(dpgBF2)2(OH2)2] – –0.29[7] 

1 – –0.47 

2 
–0.65 (CoIII–Cl)[a]

–0.34 (CoIII–dmf) [a]
–0.90 

3 – –0.21 

[a] In accordance with previous studies on the parent cobaloximes, the second axial ligand on 
cobalt in 1 and 3 is assumed to be a solvent molecule.[7] In the case of 2, partial solvolysis of 
the CoIII–Cl bond occurs in solution as evidenced by the existence of two irreversible 
CoIII/CoII cathodic waves at –0.65 and –0.34 V vs Ag/AgCl. Addition of excess Me4NCl 
leads to the disappearance of the more positive wave at the benefit of the other. The reverse 
is observed upon addition of one equivalent of AgPF6. 
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