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Abstract: The water soluble complexes cis-[Ru(bpy)2(PTA)2]Cl2 (1Cl2), cis-[Ru(bpy)2(PTA)2](PF6)2 (1(PF6)2), trans-[Ru(bpy)2(PTA)2](CF3SO3)2 (2(CF3SO3)2), cis-[Ru(bpy)2(PTA)(H2O)](CF3SO3)2 (3(CF3SO3)2), cis-[Ru(bpy)2(PTAH)(H2O)](CF3SO3)3·2CF3SO3H (4(CF3SO3)3·2CF3SO3H), cis-[Ru(bpy)2(PTAH)2](CF3SO3)4·4CF3SO3H (5(CF3SO3)4·4CF3SO3H) and trans-[Ru(bpy)2(PTAH)2](CF3SO3)4·4CF3SO3H (6(CF3SO3)4·4CF3SO3H) have been synthesized and characterized by elemental analysis, NMR and IR spectroscopy. The crystal structures of 1(PF6)2, 2(CF3SO3)2, 3(CF3SO3)2 were obtained by single-crystal X-ray diffraction. Both experimental and computational techniques were utilized to perform a thorough analysis of the structural and electronic properties of the complexes 1 and 2 in water in both the deprotonated and protonated state and under N2 and air. UV/Visible absorbance spectroscopy revealed the sensitiveness of complex 1 and 2 to the pH. Both Ligand-to-Metal Charge Transfer (LMCT) and Metal-to-Ligand/Ligand-to-Ligand Charge Transfer (MLCT/LLCT) transitions were observed in the absorption spectrum. Luminescence studies showed that these complexes are active fluorescence compounds, despite the presence of monophosphines in their structure. The pH sensitiveness of the emission band of both complexes was studied. The photohydrolisis of 1 and 2 in acid water solution was also studied, showing that both complexes release a PTA molecule under selective irradiation in acidic water to give rise to the complex 4. Cyclic voltammetry showed that, in water, irreversible anodic oxidation corresponding to the Ru(II)/Ru(III) redox process occurs for 1, whereas for 2 the process is quasi-reversible. In DMF the redox Ru(II)/Ru(III) wave for both complexes are irreversible and occur at lower potential than in water.
Introduction
Complexes containing the {Ru(bpy)n}2+ (n=1,2,3) (bpy = 2,2'-iidyl) moiety have been widely used as sensitizers, photocatalysts, light harvesting materials and photo-activated anticancer prodrugs.[1] In general, Ru(II)-polypyridyl complexes are relatively inert. Ligand dissociation can however occur in an excited state.[2] An innovative and growing area of interest is the synthesis of tunable complexes to be used as catalysts and molecular switches, utilizing ligands that are activated by changing the protonation state.[3] The close coupling of electrons and protons can provide a mechanism to tune the reactivity, through simple modifications of the surrounding environment.[4] Interesting examples are new methods for imaging obtained by using ligands with multiple protonation states, which effectively alter the photophysical properties of their complexes.[5] Attempts to tune the properties of this family of complexes have led to the synthesis of a large number of polypyridyl derivatives, but this strategy has been only partially successful because of the occurrence of irreversible ligand photodissociation and subsequent photosubstitution reactions. [6]
Extensive work on the photochemical activity of metal complexes[7] has provided many examples of photoactive metal complexes containing phosphines, particularly with ruthenium, [8] although a few example of photochemically active ruthenium complexes containing water soluble phosphines have been presented.[9] One of the most widely used water soluble phosphines is the easy obtainble PTA (PTA = 1,3,5-triaza-7-phosphaadamantane), which is stable, cheap, soluble in organic solvents and which has one soft coordination position constituted by one P atom and three hard coordinative N atoms, which can be protonated. Inorganic and organometallic complexes containing PTA have found applications in coordination chemistry,[10] medicine,[11] aqueous/biphasic catalysis, [12] and as new polymeric materials.[13] During the last years we have paid special attention to the synthesis and study of ruthenium complexes containing PTA, which display interesting properties such as anticancer activity, [14] catalytic properties, [15] photochemical activity,[9] etc.
The synthesis of bpy derivatives has been found to be complicated and expensive. Ligands like PTA could provide alternatives to the synthesis of new bpy derivatives containing pH-sensitive groups. In 2014 J. J. Huang et al. presented the interesting ruthenium complex [Ru(H)(bpy)2(PTA)]PF6 (bpy= 2,2’-bipyridine), which exhibits a very low water solubility.[16] This complex quantitatively reacts with CO2 and CS2 to give the [Ru(η1-OC(H)=O)(bpy)2(PTA)]PF6 and [Ru(η1-SC(H)=S)(bpy)2(PTA)]PF6 respectively. Reactions in water have not been reported and therefore the effects of water molecules and pH in the reaction have not been investigated. 
A ruthenium complex containing bpy and PTA ligands could combine large water solubility, new electronic and luminescent properties and pH-tunability. In this paper we present new water soluble ruthenium complexes containing the bpy and PTA ligands and we examine how protonation on the PTA affects their optical properties in water solution.Scheme 1 Synthesis of 1Cl2.

Results and Discussion
Synthetic and spectral aspects of 1 and 2
The air stable complex 1Cl2 was synthesized by reaction of cis-[Ru(bpy)2Cl2]·2H2O with 10 equivalents of PTA in water at refluxing temperature (Scheme 1). The elemental analysis, IR and NMR spectra support the proposed structure for 1, in which a ruthenium atom is coordinated to two bpy cis to each other and two PTA bonded by the P atom.  The 1H NMR spectrum of 1Cl2 in D2O displays characteristic signals for one PTA (from 3.77 ppm to 4.35 ppm) and one bpy ligand (from 7.29 ppm to 8.73 ppm). The 13C{1H} NMR also confirmed the coordination of the bpy and PTA ligands to the metal. The 31P{1H} NMR displays a singlet at -38.83 ppm that is in agreement with two PTA cis to each other9, although this could not be verified directly through X-ray crystallography because of the difficulty to obtain good crystalline samples. The complex containing PF6- counter anions 1(PF6)2 was obtained by reaction of 1Cl2 with NaPF6 in water. Its NMR spectrum is indistinguishable from the starting complex 1Cl2, confirming that the cationic complex 1 remains unaltered. The crystal structure obtained for 1(PF6)2 confirms the cis-disposition of the ligands (Fig. 7). The trans-isomer complex 2(CF3SO3)2 was synthesized (Scheme 2) by reaction of trans-[Ru(bpy)2(H2O)2](CF3SO3)2 with 10 eq. of PTA in water. 
The slow evaporation of the resulting solution provided crystals of sufficient quality for determining its crystal structure by single crystal X-ray diffraction. The crystal structure of 2 showed the trans-disposition of the PTA around the metal, which completes its coordination octahedral-geometry with two bpy molecules (Fig. 7). The observed 1H, 31P{1H} and 13C{1H} NMR of 2 display the signals for PTA and bpy at chemical shift ranges different from those of 1. The most evident difference between the 1H and 13C{1H} NMR spectra of both complexes is the notable simplification of the signals. For 2, the NMR spectra shows half of the bipyridyl signals in 1. The singlet observed in the 31P{1H} NMR spectrum of 2 (-42.39 ppm) is shifted to higher fields than in 1 (-38.83 ppm) and agrees with the known trans-PTA complexes. [9] This complex is also air stable in the solid state and in water solution under air for days.

DFT and TDDFT calculations.
The crystal structure of the complexes 1 and 2 were used as starting point for calculating the electronic distribution in both complexes in water. In both complexes the disposition of the ligands around the metal was not altered with the optimization (Fig. S1 and S24 in Supporting Information). Nevertheless, for both calculated complexes their bond lengths are longer than those found in their crystal structures, being the largest deviations for the Ru-P bonds (1: 9%; 2: 8%) and Ru-N (1, 2: 4%) (Table S2 and S8 in Supporting Information). The optimized bpy rings are less distorted than in the crystal structures and the ligands PTA are rotated around the Ru-P axis (1: 51° for PTA-1, 9° for PTA-2; 2: 15° for PTA-1, 19° for PTA-2). 
The analysis of the frontier orbitals revealed that in both complexes the HOMO is constituted mainly by the PTA non-bonding N(p) orbitals and in minor proportion by Ru(d) with the distribution: PTA:Ru = 71:24 for 1 and PTA:Ru 70:30 for 2. Also, for both complexes the compositions of the orbitals from HOMO to HOMO-3 are similar and the LUMO is strongly localized on the bpy ligands (Fig. 1). The most energetically stable HOMO orbital in 1 with the largest metallic character is the HOMO-5 (Ru(d): 73%) while in 2 is the HOMO-4 (Ru(d): 91%). The calculated LUMO/HOMO gap is 3.44 eV for 1 and 3.30 eV for 2 (Fig. 1. See Supporting Information for the Composition Table S6 and S12).

Electronic Absorption Spectrum of 1 and 2 in water and versus pH.
The UV-vis spectra of both complexes in water are shown in Fig. 2. The nature of the electronic transitions of 1 and 2 has been investigated using TD-DFT and results are listed in Table S5 and S11 of the Supporting Information.
The lowest energy vertical excitations for 1 and 2 are constituted by a metal to ligand/ligand to ligand charge transfers (MLCT/LLCT) respectively from HOMO/LUMO+1 and HOMO-1/LUMO. The LLCT and MLCT/LLCT in ligands in which there is not electronic delocalization are quite unusual for octahedral complexes and they are mostly found in tetrahedral or square planar complex of Be, Zn, Re and Pt in inert oxidation states. [17] During the last years, the use of metal complexes featuring LLCT and MLCT/LLCT in the design of suitable molecules for dye solar cells has attracted attention because in LLCTs the inertia of the metal orbitals during the electron transfer is overcame by an improvement in the electron injection. [18]
It is important to point out that for both complexes the ground state orbitals involved in the transitions are mainly constituted by the electron donor PTA ligands. Lone pairs on the NPTA in both complexes contribute to the HOMO to HOMO-3 orbitals from 22% to 99%.  The calculated vertical excitations are in reasonably good agreement with experimental data and the oscillator strengths of MLCT/LLCT and MLCT bands are in agreement with their respective absorbance bands (Fig. S3 and S26 Supplementary Information). An important hyperchromism is found between the calculated and experimental electronic spectra for the bands below 270 nm, where the LMCT transitions involve HOMO orbitals centred mostly on the bpy and PTA ligands. This hyperchromism found in the calculated data could derive from an underestimation of the hydrogen bonding that is not reproduced by the solvent model.[19] A recent report about the effect of water on the electronic spectrum of complex [RuCp(PTA)2--CN-1C:22N-RuCp(PTA)2](CF3SO3) showed how explicit water affects it. The results obtained by neutron diffraction indicates that water molecules interact through hydrogen bonding with NPTA and also with the hydrophobic cyclopentadienyl (Cp) rings. The electronic spectrum of the dimeric-ruthenium complex was correctly modelled by including explicitly the non-isotropic interactions among water molecules and the Cp.[20] Therefore a more accurate study of the solvation structure of the ligands in complexes 1 and 2 in water is required to obtain a more precise theoretical estimation of their electronic spectra.Scheme 2 Synthesis 2(CF3SO3)2

The most intense absorption band is found around 211 nm for both complexes and is related to the LMCT-PTA-Ru and the bpy-π-π* electronic transitions. The observed absorption at 245 nm is due to MLCT/LLCTs, mainly from the HOMO-6 to LUMO+2 for both 1 and 2. Up to 285 nm the bands are mostly composed by MLCT/LLCTs, which in both complexes are observed at the same frequencies. An almost pure MLCT is observed at 316 nm. The contribution of the PTA ligands to the respective HOMO orbitals becomes more important in the lowest frequency bands. The MLCT/LLCT absorption at 385 nm in complex 1 is due mainly to a transition from HOMO-1 (80% of PTA) to LUMO while in 2 is produced by the transition from HOMO (71% of PTA) to LUMO+1, arising at 426 nm. The UV-vis spectra at pH 0, 2, 4, 6, 8, 10 and 12 show the sensitiveness of complex 1 and 2 to the pH (Fig. 2). It has not been possible to determine the individual pKb’s for each NPTA in the complex due to the fact that individual protonations could not be distinguished in titration experiments. The LMCT bands associated with the PTA in both ruthenium complexes arise at similar frequencies as the pH varies. In complex 1 this band moves from 195 nm (pH=2) to 213 nm (pH=12) while in 2 the red shift is from 209 nm (pH=0, 2) to 211 nm (pH=12). Additionally in complex 1 this band exhibits hyperchromism when the pH decreases while in 2 a slight hypochromism is observed (Fig. 2). Electronic delocalisation between the ruthenium and NPTA atoms is not observed, and the observed pH effect on the electronic spectrum of 1 can therefore be explained in terms of a geometrical distortion produced by the repulsion between positive charges created when the NPTA atoms are protonated, which is expected to be stronger in the cis-isomer 1. The MLCT/LLCT bands of both complexes, which were described previously, have the same pH dependency: hypochromism from pH 2 to 6 and hyperchromism from 6 to 12. These bands are found at 366 nm at pH=0, 2 and at 382 nm at pH≥4 in 1 while in 2 it is found at 403 nm at pH=0, 2 and at 425 nm at pH≥4.Figure. 1 Centre: molecular orbital diagrams and selected orbitals representations of 1 and 2. Sides: HOMO and LUMO orbitals of 1 (left)and 2 (right) (isovalue=0.065).

It is important to stress that the sensitiveness of the UV-vis absorption to the pH of the cis-isomer is larger than for the trans-isomer, which indicates that the observed pH dependence is the result of the repulsion between positive charges on the PTA ligands at acid pH, while the hypochromism at basic pH is likely to be a consequence of the stabilization of the ground state by OH- anions in the solvent.[21] Figure 2 UV-vis spectra of 1 (a) and 2 (b) in water (10-5 M) and absorption of the bands at 211 nm, 247 nm and 285 nm versus the pH.


Luminescence of 1 and 2 versus pH. 
In a concentrated water solution at room temperature and under inert atmosphere of N2 both complexes are fluorescent (Fig. 3) but interestingly they display also fluorescence in air. The intensity of the fluorescence under inert conditions is larger than in air, as expected. The well-known active MLCT absorption band in bpy metal complexes is at low frequency. For this reason, the electronic transition of 1 and 2 that is excited is at 308 nm, which gives rise to a low-intensity unstructured emission band. It has not been possible to obtain quantum yields for the luminescence processes, as at the standard-quality quantum yield determination (Aλex < 0.1) is insufficient for a satisfactory correction of the scattering associated with the measurements. The excitation and emission spectra of both metal complexes in water at pH 0, 2, 4, 6, 8, 10 and 12 is shown in Fig. 3. The excitation and emission bands have similar frequencies for both complexes (1: Ex= 308±5 nm, Em= 451±1 nm; 2: Ex= 308±5 nm, Em= 474±1 nm). In air, the largest and smallest emission intensities were observed at pH 4 and 2 for 1 and 2 respectively. 
The pH sensitiveness of 1 is in this case larger than that for 2 (Fig. 4). It is important to point out that the emission intensity of 1 at pH 10 is close to the largest one observed at pH 4. Luminescence studies carried out with both complexes showed that the signal intensity cannot be explained using the energy gap law. Contacts with the solvent molecules are the best known quenching processes for the luminescence of a compound in solution. The solvent quenching is particularly intense in water, where it largely derives from hydrogen bonding interactions between ligands and water molecules.[2c] Luminescence in solution depends significantly on the structure of the first and second solvation shell, on the geometry of the complexes and on how the ligands are arranged around the metal ion. Therefore, sequential protonations of PTA is likely to lead to the modification of the complex solvation shell, which affects the luminescence of both complexes, as observed.
Nevertheless a more accurate study of the distribution of the water molecules around the complexes is required in order to understand the details of the quenching process, and therefore the luminescence dependency on the pH for both complexes.Figure. 3 Emission (solid line) of 1 (left) and 2 (right) versus pH. and absorption spectra (pH = 7, dotted line)


Photohydrolysis of 1 and 2 in water
As described previously, the MLCT/LLCT bands of both complexes exhibit similar pH dependency, but the corresponding absorption bands are found to be notably different at pH=0, 2 (1: 366 nm; 2: 403 nm) and at pH≥4 (1: 382 nm; 2: 425 nm). To understand the reasons of this behaviour, solutions of both complexes at pH = 7, 2 and 0 under visible light and in the dark were studied. Figure 4 Emission intensity of 1 and 2 as a function of the pH.

We initially studied the behaviour of 1Cl2 and 2(CF3SO3)2 by irradiating with a halogen lamp their water (pH = 7) and acid aqueous solutions (pH = 2, 0). In clean water no reaction was observed, but at pH = 2 and 0 a clear transformation of the starting complexes into a similar compound was produced. The reaction at pH = 0 was found to be faster than that at pH = 2. For this reason we decided to investigate the photochemical properties of complex 1 and 2 more thoroughly at pH = 0, which was obtained by using a 1 M aqueous solution of CF3SO3H. This preliminary observation was confirmed by irradiation of (5∙10-4 M) solutions of 1Cl2 and 2(CF3SO3)2 at pH = 0 with λ ≥ 320 (Scheme 4). Complexes 1 and 2 reacted completely after 18 and 36 h respectively, to give the new compound, which was characterized by elemental analysis and NMR and IR spectroscopy. The most interesting information is that signals for one PTA and two bpy are now observed, which confirms that the photochemical process only involves one equivalent of PTA. These results suggest that, during the reaction, a PTA is substituted with one water molecule. Nevertheless its chemical shift (-18.69 ppm) in the 31P{1H} NMR in 1 M CF3SO3H (D2O) is still close to the one of PTA trans to the OH2 ligand in the complex [Ru(H2O)2(PTA)4]2+.[22] This fact indicates that in the new complex the water molecule is likely to be in a trans arrangement relative to the remaining PTA, but the different compositions and, especially, the protonation of the PTA suggest that the real disposition of the PTA can be cis to the water molecule. Normally, the protonation of the PTA shifts the PTA signal to a low field by more than 10 ppm.[15d] The crystals obtained were of insufficient quality for single crystal X-ray diffraction experiments and the  disorder in the counter CF3SO3- anion positions precluded a satisfactory resolution of the structure. For this reason we prepared the equivalent non-protonated complex by reaction of [Ru(bpy)2(CO3)] with two CF3SO3H and one PTA in water. The resulting complex was found to crystallize easily, but again the quality of the crystals was insufficient for full crystal-structure refinement. However X-ray data was in this case sufficient to verify that the complex structure is cis-[Ru(bpy)2(PTA)(H2O)](CF3SO3)2 (3(CF3SO3)2). In this complex, the ruthenium is octahedrally coordinated to two bpy molecules and one PTA ligand cis to one H2O molecule (Figure 5). This complex shows a singlet at -31.73 ppm in its 31P{1H} NMR, which replaces the triplet signal observed in the PTA cis to the water molecule (-51.8 ppm) in complex [Ru(H2O)2(PTA)4]2+.[22] Finally, dissolution of complex 3(CF3SO3)2 in 0.5 mL of D2O solution of CF3SO3H (1 M) led to the same 1H and 31P{1H] NMR spectra as for the compound obtained by irradiation of 1 and 2 in aqueous CF3SO3H (1 M). Previously published PTA containing ruthenium complexes dissolved in water solutions at pH 0-1 were only monoprotonated on the PTA.[23] This experimental fact was supported theoretically by Dyson et al. [24] who showed that the poly-protonation of free PTA and coordinated PTA in ruthenium complexes containing phosphines and arenes is not thermodynamically favourable. It is reasonable to suppose that the dissolution of PTA-bpy-ruthenium complexes in water at pH 0-1 should lead only to the monoprotonation of the PTA. Nevertheless, the elemental analysis of the product obtained by dissolution of 3(CF3SO3)2 in CF3SO3H 1M suggested that the PTA is three protonated. To match this experimental result with those published the most reasonable assumption is to consider that molecules of CF3SO3H co-crystalize with the monoprotonated complex, instead of the three protonation of the PTA. Therefore, the product obtained by dissolution of 3(CF3SO3)2 in CF3SO3H 1M is most probably the monoprotanted complex cis-[Ru(bpy)2(PTAH)(H2O)](CF3SO3)3·2CF3SO3H (4(CF3SO3)3·2CF3SO3H). Co-crystallization molecules of CF3SO3H are not strange there have being found in crystal packing of complexes such as [(cyclen)4Ru4(4,4’-bpy)4](CF3SO3)8·2CF3SO3H·5MeOH.[25] 
A dissociative mechanism is the most common process in low spin d6 octahedral complexes. Therefore, the observed photo-substitution of ligands by water molecules in the complexes 1 and 2 is likely to proceed via a dissociative mechanism. No transformation of 1 and 2 is observed in acid solution in the dark at room temperature, but PTA ligands are protonated, remaining the solution unchanged in the dark for days. However, by irradiation with near-UV light in water, the selective transformation of 1 and 2 into 4 occurs. The charge on protonated PTA is localised far from the P atom. It is therefore unlikely that the elimination of PTAH in complexes 1 and 2 results from electronic (orbital) effects alone. This process is instead likely to be favoured by electrostatic repulsion between the positive charges on different PTAH ligands, which favours their release. The slower reaction rate found for 2 where the two PTAH are trans to each other is consistent with this hypothesis. The five-coordinate intermediate resulting from the cis-complex 1 retains its configuration, but the intermediate from 2 isomerizes to a cis-bpy configuration. Finally, an H2O molecule occupies the vacant coordination position, to produce complex 4 (Scheme 4).Scheme 3 Photohydrolysis of 1 and 2 to give 4 and synthesis without irradiaton of 3 and 4. 
Figure. 5 Crystal structure of cationic complex 3(CF3SO3)2, including the atomic labelling scheme. The anion and hydrogen atoms are not included for clarity.

In order to have more evidence to support this basic mechanism for the transformation of 1 and 2 into 4, experiments aimed at determining the active photochemical band and the quantum yield and rate of the reactions were carried out. The results support the proposed mechanism: a) the active band is different for 1 (λ = 360±3 nm) and 2 (λ = 401±3 nm), b) the quantum yields for the photo-transformation of 1 (Ф360 nm = 0.0031±0.0003) is double than that for 2 (Ф401 nm = 0.0015±0.0001), c) the rate of the photoreaction from 1 (k(360 nm) = 1.55·10-10 s-1) is notably faster than from 2 (k(401 nm) = 7.50·10‑11 s-1), d) the H2O ligand is finally occupying the free coordination position after releasing the PTAH ligand independently of using complex 1 and 2, even when the active band is selectively excited, e) the resulting unsaturated five-coordinated intermediate isomerizes from trans to cis-configuration (which is thermally more stable for steric reasons), and, additionally, the H2O has a smaller trans influence than PTA. For both complexes the photo-active band involves the p orbitals of the NPTA (lone pairs) and the bpy ligands. Figure. 6 Cyclic voltammograms (Ag/AgCl; 0.1 V/s) of 1 and 2 in water and DMF.

In previous work, we have proposed a dissociative mechanism for the photo-isomerization and Cl- release in [trans-[RuCl2(PTA)4] in water.[9b] A similar process has been observed for the complex [Ru(NH3)4(H2O)(HPTA)]3+, which contains a mono-protonated-PTA. This complex is transformed into [Ru(NH3)3(H2O)2(HPTA)]3+ by a water photo-substitution at λ = 330 nm and 370 nm.[9c] The only example of a photo-dissociation of a PTA derivative, its methylate derivative mPTA, has also been reported by our group.[9a] The complex cis-[RuCl2(mPTA)4] releases a mPTA by irradiation of  = 367 nm in water. For these complexes it has also been showed that the most probable process is a photo-dissociation with a further isomerization and the final coordination of the free site by a water molecule. Therefore, the photo-transformation of complexes 1 and 2 into 4 is the first example for a photo-release of a PTA ligand.
 
Electrochemistry of 1(Cl2) and 2(CF3SO3)2. 
The electrochemical properties of the complexes 1 and 2 were studied by cyclic voltamperometry in water and, for comparison purposes, also in DMF (Fig. 6). The redox data are displayed in Table 1.
The current peaks are somewhat larger than those expected for the Ru(III)/Ru(II) waves, nevertheless the observed events can be assigned to one-electron processes. The observed irreversible anodic oxidation in water corresponding to the Ru(II)/Ru(III) redox process occurs at 1.47 V (Eox) with reduction at 0.39 V (ERed) (ΔEp = 1.08 V) for 1 whereas for 2 the process is quasi-reversible (E = 0.89 V;  Ep = 0.79 V). Scheme 4 Proposed process for the transformation of 1(Cl2) and 2(CF3SO3)2 into 4.

In DMF the redox Ru(II)/Ru(III) waves for both complexes are irreversible and arise at lower potential than in water for both complexes (1: Eox = 1.00 V, Ep = 1.70 V; 2: Eox = 0.98 V, Ep = 1.22 V). These results are in agreement with the larger stability of 1. It is important to notice that, at high potential, both complexes show an irreversible wave (1: Eox = 1.72 V, Ep = 1.78 V; 2: Eox = 1.68 V, Ep = 1.20 V) that could only be assigned to a Ru(III)/Ru(IV) process. The hybrid molecular HOMO orbitals for both complexes that include the ligand mixing with metal is responsible for the lack of reversibility that is not observed in systems where oxidation occurs purely from the metal centre, such as in [Ru(bpy)3]2+. As expected, the redox wave of the bpy ligands is found at lower potential that those of Ru atom. In water it was only possible to observe a bpy redox wave for complex 1. In contrast in DMF both complexes display two redox waves, one for each of the two bpy ligands. Those at lower potential are reversible for both complexes and occur in 1 at ca. +0.1 V relative to 2. The second bpy wave is quasi-reversible in both complexes and the potential for 1 is more positive than that for 2. Finally, the cyclic voltamperograms of complexes 1 and 2 in water at different pH were found to be very sensitive to the buffer used and, in most cases, not to show the bpy redox-waves or the metal redox-waves. The obtained potentials are in the range found in parent complexes with diphosphines[26] but a conclusive correlation with the luminescence of these complexes could not be demonstrated. 
	Table 1. Redox peaks[a] of 1 and 2 in DMF and water.

	1(Cl)2
	2(CF3SO3)2

	DMF

	red 1
	-1.35
	red 1
	-1.34

	red 2
	-1.04
	red 2
	-1.07

	red 3
	-0.70
	red 3
	-0.24

	red 4
	-0.06
	red 4
	0.48

	ox 1
	-1.01
	ox 1
	-1.1

	ox 2
	-0.82
	ox 2
	-0.9

	ox 3
	1.00
	ox 3
	0.98

	ox 4
	1.72
	ox 4
	1.68

	H2O

	red 1
	-0.57
	red 1
	0.5

	red 2
	0.39
	ox 2
	1.29

	ox 1
	-0.18
	
	

	ox 2
	1.47
	
	

	[a] Potentials in volts.




Crystal structure of 1(PF6)2 and 2(CF3SO3) 
Light-orange crystals suitable for single crystal X-ray diffraction data collection were obtained by cooling slowly a saturated solution of 1(PF6)2 from 90ºC to 25ºC in 18 h. The asymmetric unit cell is constituted by three cation molecules of cis-[Ru(bpy)2(PTA)2]2+ and six PF6- anion. The octahedrally-distorted ruthenium is coordinated by two bpy and two PTA moieties through their P atom (Fig. 7). Selected interatomic distances and angles are given in Table 2. It is important to stress that 1(PF6)2 is the first example of a metal complex bearing two bpy and two monodentate phosphines in cis-disposition characterized by single crystal X-ray diffraction.[27] The bond lengths between metal and ligands are similar, but different, in each of the complex molecules constituting the asymmetric unit cell. The cis-disposition of the bpy ligands leaves one Nbpy atom trans to a PPTA, but the other Nbpy is trans to an N atom of the other coordinated bpy molecule. Ruthenium-nitrogen bond lengths are in the range 2.090(7) Å - 2.117(7) Å and 2.100(2) Å - 2.139(9) Å for Nbpy trans to Nbpy and Nbpy trans to PPTA while Ru-PPTA distances between 2.308(3) Å - 2.332(3) Å, which is a shorter range than that observed for the for the complex cis-[RuCl2(PTA)4] (2.252(2) Å – 2.388(2) Å)[28d] but similar to those found in similar complexes in literature.[28] The angles between PTA ligands are in the range 98.30(1)º (P1B-Ru2-P2B) - 98.59(1)º (P1A-Ru1-P2A), indicating that the coordination geometry of the metal is notably distorted for all the molecules in the asymmetric unit cell. As expected, both bpy ligands display a large deviation from a planar coordination geometry, caused by the repulsion between the H atoms located in the 3 and 3’ position.[29] Finally, distances among molecules are larger than 3 Å, indicating that there are no hydrogen bonds or significant interactions between the ligands. Figure 7 Cationic complex unit single crystal X-ray structure of 1 (left) and 2 (right) including the atomic labelling scheme. Anions and hydrogen atoms are not included for clarity.

Single crystals of 2 were crystallized by slow evaporation from its saturated solution in water. The crystal asymmetric unit cell contains two cation complexes trans-[Ru(bpy)2(PTA)2]2+ and two CF3SO3- anions. The octahedrally-distorted ruthenium atom is bonded to the P atom of two PTA molecules trans to each other and to two bpy molecules, which are located in the remaining equatorial coordination position (Fig. 7). Selected interatomic distances and angles are given in Table 2. The Ru-N bond lengths are in the range of 2.105(5) Å - 2.110(5) Å, which is similar to that found in 1 for Ru-N bond length trans to Nbpy. The two PPTA to metal distances in 1 are somewhat different (Ru1-P1 = 2.342(18) Å; Ru2-P2 = 2.353(18) Å) but the same in the two molecules in the asymmetric unit cell, as imposed by the 
	Table 2. Selected bond distances and angles of  1(PF6)2  and 2(CF3SO3)2

	1(PF6)2
	2(CF3SO3)2

	Ru1-P1A
	2.325(4) Å
	Ru1-P1
	2.342(18) Å

	Ru1-P2A
	2.308(3) Å
	Ru1-N1
	2.110(5) Å

	Ru1-N1A
	2.139(9) Å
	Ru1-N2
	2.105(5) Å

	Ru1-N2A
	2.090(7) Å
	P1-Ru1-N1
	91.30(14)º

	P1A-Ru1-N1A
	89.3(3)º
	P1-Ru1-N2
	88.90(14)º

	P1A-Ru1-N2A
	85.2(3)º
	P1-Ru-P1
	180.00(6)º

	P1A-Ru1-N3A
	175.2(3)º
	
	

	P1A-Ru1-P2A
	98.6(1)º
	
	

	
	
	
	

	Ru2-P1B
	2.311(2) Å
	Ru2-P2
	2.353(18) Å

	Ru2-P2B
	2.326(5) Å
	Ru2-N3
	2.110(5) Å

	Ru2-N1B
	2.117(7) Å
	Ru2-N4
	2.106(5) Å

	Ru2-N2B
	2.110(1) Å
	P2-Ru2-N3
	91.18(15)º

	P1B-Ru2-N1B
	87.8(3)º
	P2-Ru2-N4
	89.92(14)º

	P1B-Ru2-N2B
	86.1(3)º
	P2-Ru2-P2
	180.00(7)º

	P1B-Ru2-N4B
	171.6(3)º
	
	

	P1B-Ru2-P2B
	98.3(1)º
	
	

	
	
	
	

	Ru3-P1C
	2.317(4) Å
	
	

	Ru3-P2C
	2.332(4) Å
	
	

	Ru3-N1C
	2.100(2) Å
	
	

	Ru3-N2C
	2.110(6) Å
	
	

	P1C-Ru3-N1C
	87.8(3)º
	
	

	P1C-Ru3-N2C
	85.6(3)º
	
	

	P1C-Ru3-N4C
	172.4(3)º
	
	

	P1C-Ru3-P2C
	98.3(1)º
	
	

	
	
	
	


symmetry group. The similarity of the Ru-PPTA distances contrasts with the observed differences in complex trans-[RuCl2(PTA)4] (2.317(2) Å – 2.353(2) Å), indicating the lower steric impediment in 2. Both ruthenium-nitrogen and ruthenium-phosphorus bond lengths agree with previously reported bisbipyridine-bisphosphine ruthenium complexes as well as the distortion of the bpy rings.[30] The angles between the metal and the ligands indicate that the distortion of the octahedral-coordination environment is smaller than in the cis-isomer 1, and the largest and smallest angles are P1-Ru1-N1 (91.30(14)º) and P1-Ru1-N2 (88.90(14)º). Finally, the distances between molecules in the crystals are larger than 3 Å, again indicating that there are no significant interactions between the ligands.

Conclusions
The electronic properties and photo-reactivity in water of the ruthenium complexes cis-[Ru(bpy)2(PTA)2]Cl2 (1Cl2) and trans-[Ru(bpy)2(PTA)2](CF3SO3)2 (2(CF3SO3)2) are significantly affected by their protonation. The crystal structures of both complexes show that the only significant structural difference between them is the cis or trans configuration of the ligands around the metal, whereas the distances and angles are similar in the two compounds. Complexes 1 and 2 are examples of metal complexes whose optical properties change significantly with pH variations and in which the protonation sites are not electronically connected to the metal centre. Both complexes show an UV/Visible absorbance sensitive to the pH. The Ligand-to-Metal Charge Transfer (LMCT) and Metal-to-Ligand/Ligand-to-Ligand Charge Transfer (MLCT/LLCT) bands in both complexes show different pH dependences. This has never been observed before in ruthenium complexes containing bpy ligands. Both complexes display a slight but consistent luminescence in water under air. The large solubility of both complexes in water facilities the study of their luminescence, which was found to be sensitive to the pH and which affects both the frequency and the intensity of the bands. This observed behaviour cannot be explained on the basis of the energy gap law alone. Complexes 1 and 2 photo-dissociate one PTA ligand in acid water to give the complex cis-[Ru(bpy)2(PTAH3)(H2O)](CF3SO3)5 (4(CF3SO3)5). The first time observed process is selectively induced in both complexes by irradiation of a MLCT/LLCT band involving the p orbitals of the NPTA (lone pairs) and the bpy ligands. Cyclic voltammetry shows that, in water, an irreversible anodic oxidation corresponding to the Ru(II)/Ru(III) redox process occurs for 1 whereas for 2 the process is quasi-reversible, in agreement with the energy of their calculated molecular orbitals. In DMF the redox Ru(II)/Ru(III) waves for both complexes are irreversible and arise at lower potential than in water.
Experimental Section
General Procedures.  
All chemicals were reagent grade and, unless otherwise stated, were used as received from commercial suppliers. Likewise, all reactions were carried out in a pure argon atmosphere by using standard Schlenk-tube techniques with freshly distilled and oxygen-free solvents. The ligand PTA and complexes cis-[Ru(bpy)2Cl2]·2H2O and trans-[Ru(bpy)2(H2O)2](CF3SO3)2 were prepared as described in the literature.[31,32] 1H and 13C{1H} NMR spectra were recorded on a Bruker DRX300 spectrometer operating at 300.13 MHz (1H) and 75.47 (13C), respectively. Peak positions are relative to tetramethylsilane and were calibrated against the residual solvent resonance (1H) or the deuterated solvent multiplet (13C). 31P{1H} NMR was recorded on the same instrument operating at 121.49 MHz and the chemical shift was measured relative to external 85% H3PO4 with downfield values taken as positive. All NMR spectra were obtained at 25 oC. Infrared spectra were recorded on KBr disks using a Bruker Vertex 70 FT-IR spectrometer, and the intensity of the bands is indicated as: s (strong), m (medium) and weak (w). UV-vis spectra were obtained with a Jasco V-650 spectrometer from solutions of 10-3-10-5 M in quartz cuvettes (1 cm optical path). Specific absorption coefficients were obtained by linear regression over 5-7 points (R2 ≥ 0.999). The emission and excitation spectra were recorded using a Fluoromax-4 TCSPC Horiba Scientific; quartz cells were used (1 cm optical path). The pH of the solutions was maintained by a phosphate-buffer (0.1 M). Elemental analysis (C, H, N, S) was performed on a Fisons Instrument EA 1108 elemental analyser. Electrochemical experiments were recorded with a VersaSTAT3 apparatus. A standard disposition for the measurement cell was used including three-electrode glass cell consisting of a platinum-disk working electrode, a platinum-wire auxiliary electrode and an Ag/AgCl reference electrode. The supporting electrolyte solution (NaCl, 0.1 M for H2O; NBu4PF6, 0.1 M for DMF) was scanned over the solvent window to verify the absence of electro-active impurities. A similar concentration of the analyte (2.5 10-3 M) was employed in all the measurements for H2O and DMF as solvent. All measurements were made at  0.1 V/s. 
Photochemistry experiments
Irradiation by continuous visible light was initially carried out using a home-made photo-reactor with a built-in standard 150 W halogen lamp (in Almeria),[33] and a 150 and 300 W Xe Arc Lamp provide by LOT Oriel. Irradiation at selected wavelengths was carried out with the 150 W Xe Arc Lamp with a water filter (5 cm) and appropriate band-pass or interference filters (Schott) and with the 300 W Xe Arc Lamp coupled with a McPherson model 272 Monochromator (0.2 meter). A potassium ferrioxalate actinometer was used for quantum yield measurements using the method proposed by Kuhn et al. [34] Solutions for photolysis and dark reactions were prepared under Ar and transferred to a 1.0 cm path-length quartz cells. During the photolysis, the solution was stirred using a small magnetic bar stirrer inside the cell and thermostated by a water-refrigerated jacket. 
Synthesis of cis-[Ru(bpy)2(PTA)2]Cl2 (1Cl2). 
Under a nitrogen atmosphere, PTA (157 mg, 1 mmol) was added into a suspension of cis-[Ru(bpy)2Cl2]·2H2O (108 mg, 0.12 mmol) in 10 mL of degassed water. The mixture was refluxed for 2 hours in the dark at room temperature. The resulting deep yellow-orange solution was filtered and the solved removed to give an orange powder, which was washed with acetone/Et2O 1:1 (3 x 2 mL) and dried under vacuum. Yield = 134 mg (81%). S25ºC (mg/cm3): 1020. Elemental analysis for C32H40N10P2Cl2Ru (798,13): Found C, 47.93; H, 5.15; N, 17.32; calcd. C, 48.12; H, 5.05; N, 17.54. 1H NMR (300.13 MHz, D2O, 25ºC): δ 3.77 (m, 12H, PCH2NPTA); 4.35 (m, 12H, NCH2NPTA); 7.29 (m, 2H, 5’-bpy + 6-bpy); 7.78 (m, 4H, 5-bpy); 8.03 (m, 2H, 4-bpy); 8.29 (m, 2H, 4'-bpy); 8.40 (m, 2H, 3-bpy); 8.55 (m, 2H, 3'-bpy); 8.73 (m, 2H, 6'-bpy);. 13C{1H} NMR (75.47 MHz, D2O, 25ºC): 49.65 (t, 2JPC = 15 Hz, 4JPC = 4 Hz, NCH2PPTA); 70.41 (s, NCH2NPTA); 124.78 (s, 3-bpy); 125.89 (s, 3’-bpy); 128.03 (s, 5'-bpy); 128.78 (s, 5-bpy); 140.05 (s, 4’-bpy); 148.73 (s, 6-bpy); 154.50 (s, 2-bpy + 2’-bpy); δ 156.73 (s, 6'-bpy). 31P{1H} NMR (121.49 MHz, D2O, 25ºC): δ -38.83 (PTA). FT-IR: cm-1: 421 (w), 452 (m), 469 (m), 579 (s), 732 (m), 749 (m), 771 (m), 811 (m), 891 (w), 950 (s), 974 (s), 1017 (s), 1045 (w), 1106 (m), 1244 (m), 1293 (w), 1366 (vw), 1417 (m), 1444 (m), 1462 (m), 1600 (m), 1641 (m), 2884 (s), 2930 (s), 3076 (s), 3110 (s), 3406 (vs); UV-vis (H2O): nm [ε (dm3 mol-1 cm-1)]: 191 [74965], 246 [17909], 286 [24356], 385 [4517]. Scheme 5 Numeration of the bpy ligand in 1.


Synthesis of cis-[Ru(bpy)2(PTA)2](PF6)2 (1(PF6)2) 
Into a vigorous stirred solution of 1Cl2 (50 mg, 0.062 mmol) in 5 mL of water a solution of NaPF6 (21.2 mg, 0.126 mmol) in 5 mL of water was added. After 15 minutes the yellow precipitate was filtered, washed with water (3 x 3 mL), EtOH (3 x 3 mL), Et2O (2 x 3 mL) and vacuum dried. Crystals of 1(PF6)2 were obtained by slow cooling a saturated aqueous solution. Yield: 63 mg (99%). S25ºC(mg/cm3): 0.9. Elemental analysis for C32H40F12N10P4Ru (1018,12): Found C, 37.63; H, 4.11; N, 13.52; calcd. C, 37.77; H, 3.96; N, 13.76.
Synthesis of trans-[Ru(bpy)2(PTA)2](CF3SO3)2 (2(CF3SO3)2) 
The trans-[Ru(bpy)2(H2O)2](CF3SO3)2 complex (100 mg, 0.133 mmol) and PTA (210 mg, 1.33 mmol) were dissolved in 10 mL of deoxygenated water and then kept at 80 ºC during 1h. After cooling, the solvent was evaporated and the obtained orange solid washed with acetone (3 x 10 mL) and dried under vacuum. Single crystals suitable for X-ray diffraction were obtained by the slow evaporation of a saturated aqueous solution of the complex. Powder yield: 116 mg (84%). Cristal yield: 39.4 mg (34%). S25ºC(mg/cm3): 110. Elemental analysis for C34H40F6N10O6P2S2Ru (1026,10): Found C, 39.69; H, 4.19; N, 13.35; S, 5.95; calcd. C, 39.81; H, 3.93; N, 13.65; S, 6.25. 1H NMR (300.13 MHz, D2O, 25 ºC): δ 3.16 (s, 24H, PCH2NPTA); 3.98 (d, 2JHH=13.23 Hz, 12H, NCH2NPTA); 4.17 (d, 2JHH=13.21 Hz, 6H, NCH2NPTA); 4.42 (d, 2JHH=13.23 Hz, 6H, NCH2NPTA); 7.83 (m, 2H, 5-bpy); 8.29 (m, 2H, 4-bpy); 8.58 (m, 2H, 3-bpy); 9.34 (m, 2H, 6-bpy). 13C{1H} NMR (75.47 MHz, D2O, 25ºC): δ 45.08 (t, 2JPC = 11 Hz, 4JPC = 3 Hz, NCH2PPTA); 70.24 (s, NCH2NPTA); 124.79 (s, 3-bpy); 127.34 (s, 5-bpy); 139.59 (s, 4-bpy); 153.50 (s, 6-bpy); 157.34 (s, 2-bpy). 31P{1H} NMR (121.49 MHz, D2O, 25ºC): δ -42.39 (PTA). FT-IR: 461 (vw), 516 (vw), 570 (w), 583 (w), 637 (m), 732 (w), 742 (w), 760 (w), 783 (w), 805 (w), 896 (vw), 944 (m), 973 (m), 1015 (m), 1031 (m), 1100 (w), 1147 (w), 1224 (w), 1241 (m), 1262 (s), 1276 (s), 1417 (vw), 1445 (vw), 1466 (vw), 1600 (vw), 2886 (vw), 2927 (vw). UV-vis (H2O): nm [ε (dm3 mol-1 cm-1)]: 212 [70533], 245 [24263], 288 [29784], 425 [6450]. 



Synthesis of cis-[Ru(bpy)2(PTA)(H2O)](CF3SO3)2 (3(CF3SO3)2)
HCF3SO3 (19 μL, 0.210 mmol) was added to a solution of [Ru(bpy)2CO3] (50 mg, 0.105 mmol). After 15 minutes, the ligand PTA (15.7 mg, 0.1 mmol) was added in four portions separated by 15 minutes. After 30 minutes, the solvent was evaporated and the resulting brown solid dissolved in 3 mL ethanol. Et2O (10 mL) was added to the solution and the resulting precipitate filtered, washed with Et2O (3 x 5 mL) and vacuum dried. Crystals of sufficient quanlity for single-crystal X-ray experiments were obtained by slow evaporation of a CHCl3 solution. Yield: 92.3 mg (99%). S25ºC(mg/cm3): 1100. Elemental analysis for C28H30F6N7O7PRuS2 (887.0): Found C, 37.76; H, 3.55; N, 10.93; calcd C, 37.88; H, 3.40; N, 11.05. 1H NMR (300.13 MHz, D2O, 25ºC): δ 3.76 (m, 6H, PCH2NPTA); 4.37 (m, 6H, NCH2NPTA); 7.08 (m, 1H, bpy); 7.26 (m, 2H, 5-bpy); 7.69-7.87 (m, 4H, bpy); 7.94 (m, 1H, 4'-bpy); 8.14 (m, 1H, bpy); 8.02-8.32 (m, 2H, bpy); 8.39 (m, 1H, bpy); 8.49 (m, 2H, bpy); 9.02 (m, 1H, bpy); 9.15 (m, 1H, bpy). 13C{1H} NMR (75.47 MHz, D2O, 25ºC): 47.52 (d, 2JPH = 14 Hz, NCH2PPTA); 70.58 (d, 3JPH = 6 Hz, NCH2NPTA); 123.41 -158.62 (m, bpy); 31P{1H} NMR (121.49 MHz, D2O, 25ºC): δ -31.58 (PTA).
Synthesis of cis-[Ru(bpy)2(PTAH)(H2O)](CF3SO3)3·2CF3SO3H (4(CF3SO3)3·2CF3SO3H) 
Complex 4(CF3SO3)3·2CF3SO3H was synthesised by three different methods: a) Complex 1 (31.9 mg, 0.04 mmol) in 25 mL of a deoxygenated aqueous solution of CF3SO3H (1 M) was irradiated with a 300 W Xe Arc Lamp coupled with Monochromator setting the wavelength at  = 360±3 nm at 20 oC. After 3 days, the volume reduced to 5 mL under vacuum and then AgCF3SO3 (20.5 mg, 0.08 mmol) was added.  The precipitated AgCl was filtered through celite. Addition of 50 mL of THF into the resulting clear solution led to a brown precipitate, which was filtered, washed with THF (3 x 10 mL) and Et2O (3 x 10 mL) and finally dried under vacuum. Yield: 19.9 mg (56%). b) Complex 4 could also be obtained by a similar procedure using complex 2 (41 mg, 0.04 mmoL). The irradiation wavelength was set at  = 401±3 nm. The reaction time was 9 days. Yield: 18.4 mg (52%). c) Complex 3(CF3SO3)2 (50 mg, 0.05 mmol) was dissolved in 5 mL of aqueous CF3SO3H (1 M). After 15 minutes the solvent was removed by evaporation under reduced pressure to 1 mL. Addition of 10 mL of THF gave rise to a brown precipitate, which was filtered, washed with THF (3 x 10 mL) and Et2O (3 x 10 mL) and finally dried under vacuum. Yield: 64.2 mg (85%).S25ºC(mg/cm3): 1300. Elemental analysis for C31H33F15N7O16PRuS5 (1336.9): Found C, 27.65; H, 2.68; N, 7.05; calcd C, 27.83; H, 2.48; N, 7.33.1H NMR (300.13 MHz, D2O CF3SO3H 1M, 25ºC): δ 3.59 (6H, PCH2NPTA); 4.21 (s, 6H, NCH2NPTA); 6.40 (m, 2H, bpy); 7.00 (m, 4H, bpy); 7.32 (m, 2H, bpy); 7.55 (m, 2H, bpy); 7.64 (m, 2H, bpy); 7.87 (m, 2H, bpy); 8.70 (m, 1H, bpy). 13C{1H} NMR (75.47 MHz, D2O CF3SO3H 1M, 25ºC): 45.44 (d, 2JPH = 28 Hz, NCH2PPTA), 69.80 (s, NCH2NPTA), 122.67 - 159.90 (m, bpy). 31P{1H} NMR (121.49 MHz, D2O CF3SO3H 1M, 25ºC): δ -19.25 (PTA).Scheme 6 Numeration of the bpy ligand in 2.

Reactivity of 1 and 2 under visible continuous irradiation 
0.5 mL of solutions of 1 and 2 in water at pH = 7, 2 (CF3SO3H) and 0 (CF3SO3H) were introduced in six 5mm NMR tubes and irradiated with continuous visible light using a home-made photo-reactor with a built-in standard 150 W halogen lamp.[29] The solutions were monitored at intervals of 30 minutes by 31P{1H} NMR and referenced against D2O+H3PO4. For both complexes 1 and 2 at neutral pH no transformation was observed but at acid pH a clear transformation into the same new specie was observed. Reaction at pH = 0 was significantly faster (3 days) than that at pH = 2 (> 5 days).
Reactivity of 1 and 2 under visible selected irradiation
In a typical experiment 3 mL of a degassed solution of 1 and 2 (5∙10-4 M) in aqueous CF3SO3H (1 M) were transferred under nitrogen into a 1 cm path-length quartz cell, kept at 20ºC and irradiated with  ≥ 320 with stirring. After 18 h (for 1) and 36 h (for 2) the product was spectroscopically characterized as cis-[Ru(bpy)2(H2O)2].[38] Similarly, a degassed 5∙10-4 M solutions (3 mL) of 1 and 2 in aqueous HCF3SO3 (1 M)  in 1 cm path-length quartz cells at 20 oC were irradiated with  = 318±3 nm and  = 360±3 nm for 1 solution and  = 324±3 nm and  = 401±3 nm for 2 solutions. 
In all the experiments, reactions were monitored using UV-vis and 31P{1H} and 1H NMR spectroscopy at regular intervals. No reaction was observed at  = 318±3 nm for 1 and  = 324±3 nm for 2. The photon fluxes (amount basis) at the selected wavelengths of  = 360±3 nm for 1 and  = 401±3 nm for 2 were found to be respectively Ф360 nm = 0.0031±0.0003 and Ф 401 nm = 0.0015±0.0001 by irradiation of a 3.4∙10-6 M solution in aqueous 1 M CF3SO3H. The reaction rates for 1 and 2 were found to be k(360 nm) = 1.55·10-10 s-1 and k(401 nm) = 7.50·10‑11 s-1 respectively for the two compounds.
Reactivity of 1 and 2 in D2O and 1M water solution of CF3SOH3 in the dark. Synthesis of cis-[Ru(bpy)2(PTAH)2](CF3SO3)4·4CF3SO3H (5(CF3SO3)4·4CF3SO3H) and trans-[Ru(bpy)2(PTAH)2] (CF3SO3)4·4CF3SO3H (6(CF3SO3)4·4CF3SO3H).
Into a 5 mm NMR tube, 1 (7 mg, 8.7 mol) and 2 (7 mg, 6.8 mol) were dissolved in 0.5 mL of D2O and aqueous 1M HCF3SO3 in air and in argon. The tubes were kept in the dark at room temperature and monitored using 31P{1H} and 1H NMR every 24h. In D2O the starting complexes were not transformed after 2 weeks. In the HCF3SO3 solution the starting complexes were directly protonated when solved and their decomposition was not observed for up to two weeks. The acid solutions were kept at room temperature, providing crystals of the protonated cis-derivatives 5:
cis-[Ru(bpy)2(PTAH)2](CF3SO3)4·4CF3SO3H (5(CF3SO3)4·4CF3SO3H): Yield: 16.5 mg (98%). S25ºC(mg/cm3): 100. Elemental analysis for C40H46F24N10O24P2RuS8 (1925.86): Found C, 24.73; H, 2.55; N, 7.02; calcd. C, 24.90; H, 2.40; N, 7.20. 1H NMR (300.13 MHz, D2O CF3SO3H 1M, 25ºC): δ 3.76 (m, 12H, PCH2NPTA); 4.50 (s, 12H, NCH2NPTA); 6.93 (m, 2H, 6-bpy); 7.11 (m, 2H, 5’-bpy); 7.62 (m, 4H, 5-bpy); 7.79 (m, 2H, 4-bpy); 8.10 (m, 2H, 4'-bpy); 8.15 (m, 2H, 3-bpy); 8.32 (m, 2H, 3'-bpy); 8.47 (m, 2H, 6'-bpy). 13C{1H} NMR (75.47 MHz, D2O, 25ºC): 47.84 (s, PCH2NPTA), 70.53 (m, NCH2NPTA), 125.71 - 156.70 (m, bpy). 31P{1H} NMR (121.49 MHz, D2O CF3SO3H 1M, 25ºC): δ -26.59 (PTA).
trans-[Ru(bpy)2(PTAH)2](CF3SO3)4·4CF3SO3H (6(CF3SO3)4·4CF3SO3H): Yield: 12.9 mg (98%). S25ºC(mg/cm3): 100. Elemental analysis for C40H46F24N10O24P2RuS8 (1925.86): Found C, 24.83; H, 2.69; N, 6.97; calcd. C, 24.9; H, 2.4; N, 7.2.  1H NMR (300.13 MHz, D2O CF3SO3H 1M, 25 ºC): δ 3.12 (m, 12H, PCH2NPTA); 4.13 (d, 2JHH=12.82 Hz, 6H, NCH2NPTA); 4.27 (d, 2JHH=12.82 Hz, 6H, NCH2NPTA); 7.64 (m, 2H, bpy); 8.10 (m, 2H, bpy); 8.34 (m, 2H, bpy); 9.02 (m, 2H, bpy). 13C{1H} NMR (75.47 MHz, D2O CF3SO3H 1M, 25ºC): δ 43.66 (s, PCH2NPTA); 70.39 (s, NCH2NPTA); 125.34 - 156.90 (s, bpy). 31P{1H} NMR (121.49 MHz, D2O CF3SO3H 1M, 25ºC): δ -38.36 (PTA).
Calculations details. 
DFT calculations at B3LYP[35, 36] level of theory were carried out using NWCHEM 6.3 software package.[37] A Gaussian basis set of 6-31g(d,p) was used for the ligands while the effective core potential LAN2DZ set was used for the ruthenium. Structure optimization has been carried out starting from the Cartesian coordinates of the crystal structures.  The COSMO model has been adopted to simulate solvent effects.[19] UV absorption spectra were calculated using time dependent density functional theory (TD-DFT) and were obtained by convoluting the 70 lowest singlet excitation energies obtained from the Davidson solutions of the TD-DFT equations with a Gaussian distribution of FWHM=30 nm.
	

	Table 3. Selected Crystallographic Data for 1(PF6)2 and 2(CF3SO3)2


		
	1(PF6)2
	2(CF3SO3)2

	Empirical formula
	C32H40F12N10P4Ru
	C34 H40F6N10O6P2RuS2

	Formula weight
	1017.69
	1025.89

	Crystal system
	Monoclinic
	triclinic

	Space group
	Cc
	Pī

	a [Å]
	22.8893(12)
	9.583 (5)

	b [Å]
	32.3394(16)
	10.811 (5)

	c [Å]
	19.8282(10)
	20.156(5)

	 [0]
	90.00
	78.779(5)

	 [0]
	125.0020(10)
	77.424(5)

	 [0]
	90.00
	85.183(5)

	Volume [Å3]
	12022.7(11)
	1997.2(15)

	Z
	12
	2

	Goodness of fit on F2
	1.084
	1.056

	calcd. [mg·m-3]
	1.687
	1.706

	 [mm-1]
	0.647
	0.665

	Data/Restrains/Parameters
	15006 /2/ 1496
	6383 /0/ 553

	R1 [I2(I)] (all)
	0.0596 (0.0740) 
	0.0527 (0.1000) 

	wR2 [I2(I)] (all)
	0.1461 (0.1586)
	0.1396 (0.2253)

	 [e·Å3]
	1.035 /  -0.650
	2.803 / -2.886




	


X-ray structure Determination. 
Data of compounds were collected on a Bruker APEX CCD diffractometer (XDIFRACT service of the University of Almeria) using graphite monochromated Mo K radiation ( = 0.7107 Å) at 150 K. The crystal parameters and other experimental details of the data collections are summarized in Table 3. The structures were solved by direct methods SIR92[38] and refined by full-matrix least squares methods with SHEL-XTL[39] and refined by least-squares procedures on F2 and final geometrical calculations and graphical manipulations were carried out with the SHELXS-XTL package.[39] The non-hydrogen non-disordered atoms were refined with anisotropic atomic displacement parameters. All hydrogen atoms were included in calculated positions and refined using a riding model. The quality of the resolution of 3(CF3SO3)2 was not good enough for being included in the Table 3. Crystallographic data for all the structures in this paper have been deposited with the Cambridge Crystallographic Data Centre as supplementary publications nos. CCDC 1417357, 1417358, 1434907.
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