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Figure ESI1. ESI-MS spectrum of [Rus(ps-O)(u-OAC)s{u-#*(C),#2(N,N)-dppn}(py)2]*
ion. The inset shows the molecular ion at m/z 1105 detected in ESI-MS spectrum, with
emphasis on the isotopic pattern of the Rus unit (the gray bar inside each peak
corresponds to the theoretically predicted isotopic pattern).
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Figure ESI2. ESI-MS spectrum of [Rus(us-O)(u-OAC)s{u-1*(C),7*(N,N)-dppz}(py)2]*
ion. The inset shows the molecular ion at m/z 1055 detected in ESI-MS spectrum, with
emphasis on the isotopic pattern of the Rus unit (the gray bar inside each peak
corresponds to the theoretically predicted isotopic pattern).
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Figure ESI3. ESI-MS spectrum of [Rus(us-0)(u-OAc)s{u-7*(C),7%(N,N)-
dppzCHs}(py)2]* ion. The inset shows the molecular ion at m/z 1069 detected in ESI-
MS spectrum, with emphasis on the isotopic pattern of the Rus unit (the gray bar inside
each peak corresponds to the theoretically predicted isotopic pattern).
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Figure ESI4. ESI-MS spectrum of [Ruz(us-O)(u-OAC)s{u-1*(C),#*(N,N)-dppzCl}(py)2]*
ion. The inset shows the molecular ion at m/z 1089 detected in ESI-MS spectrum, with
emphasis on the isotopic pattern of the Rus unit (the gray bar inside each peak
corresponds to the theoretically predicted isotopic pattern).
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Figure ESI5. ESI-MS spectrum of [Rus(us-O)(u-OAc)s{u-#*(C),7%(N,N)-phen}(py)2]* .
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Figures ESI6. *H NMR spectrum of compound 1 [Rus(us-O)(u-OAC)s{u-1*(C),7#*(N,N)-
dppn}(py)2]PFe, recorded from 102 mol L acetonitrile-g3 solution.
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Figures ESI7. *H NMR spectrum of compound 2 [Rus(us-O)(u-OAC)s{u-1*(C),#*(N,N)-
dppz}(py)2]PFs, recorded from 102 mol L™ dichloromethane-q¢2 solution.
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Figures ESI8. *H NMR spectrum of compound 3 [Rus(ps-O)(u-OAc)s{u-5*(C),7*(N,N)-
dppzCHs}(py)2]PFs, recorded from 10 mol L™ dichloromethane-g2 solution.



B I R R I B R g T e T S T [ANRE  -6E+07
Md SRRIRONCANSAGNCARZNAFOBRIN GhamAYTenTa Naao
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww ahlehy
\/o T ———— Y \4==féf’f:%ﬁfi"‘\ S~ N
F6E+07
F 6E+07
I 5E+07
F4E+07
F4E+07
F4E+07
F3E+07
F2E+07
F2E+07
F2E+07
‘\
F1E+07
|
hJ I SE+06
M
| II
i Lo
I -5E+06
T T T T T T T T T T T T T T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 3 -4 5 6 -7 8 -9 -10 -11 -12 -13

10 A1
f1 (ppm)

Figures ESI9. *H NMR spectrum of compound 4 [Rus(us-O)(u-OAC)s{u-1*(C),7*(N,N)-
dppzCI}(py)2]PFs, recorded from 102 mol Lt dichloromethane-g2 solution.
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Figures ESI110. *H NMR spectrum of compound 5 [Rus(ps-O)(u-OAC)s{u-
171(C),#%(N,N)-phen}(py)2]PFs, recorded from 10 mol L acetone-gs solution.
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Figure ESI11. Infrared spectra of compounds 1-5, collected in solid state from KBr

pellets.



Table ESI 1: Tentative assignment of the main peaks observed in the IR spectra of
compounds 1 — 5. All values are presented in cm™ units

1(dppn) 2 (dppz) 3(CHs-dppz) 4 (Cl-dppz) 5 (phen)

557 555 557 560 569 vas[RUsO]
681 675 680 677 671 5(0CO)
742 762 769 765 764 v(CH)
841 843 842 842 844 vas(PFe)
- . - 925 - v(CCI)
1217 1194 1217 1207 1220 v (CH)
1486 1487 1488 1486 1485 v(CC)
1345 1351 1352 1352 1344 v(CN)
1418 1420 1416 1416 1415 v(COO)Ac
1543 1546 1544 1543 1541  v,(COO)AC
1606 1607 1606 1607 1605  vus(COO)AC
_ 3118 3075 3086 3045 v(CH)

v — stretching; 6 - bending; s= symmetric; as = asymmetric.

Natural Bond Orbitals (NBO) calculations

The NBO stabilization energy is based on concrete Lewis electronic structure
from the quantum mechanics treatment (equation 1).

2
4 |F,
AE = (g“‘”%

! ' ) eq (1)

Where g is the energy of the non-Lewis NBO (i.e. t); g is the energy of the
orbital occupied by n; g is the occupancy of the orbital. The 'stabilization energy" AEe.s:
is determined by second-order perturbation treatments.®



Table ESI 2: Natural Bond Orbital (NBO) information for cluster 2. Stabilization energy
values are given in kcal mol™*

Orbitals of spin a

Donation ZEest (kcal mol-1)
ruthenium ions — oxo bridge
n O(55) = n*Ru(56) 76.71
n O(55) - n*Ru(57) 67.41
n O(55) = n*Ru(58) 23.48
n O(55) - BD* O(55)-Ru(58) 42.39
ruthenium — orthometalated
BD* C(41)-Ru(57) - n*Ru(57) 35.32
ruthenium — acetates
n O(61) - n*Ru(57) 32.20

n O(60) - n*Ru(57
n O(59) - n*Ru(57
n 0(68) > n*Ru(58 84.64
n O(65) - n*Ru(58 90.52

) 74.32
)
3
n 0(66) = n*Ru(58) 101.93
)
)
)
)

85.09

n O(67) - n*Ru(58 95.32
n O(63) - n*Ru(56 44.20
n O(62) - n*Ru(56 94.21
n O(64) - n*Ru(56 84.75
ruthenium — pyridine

n N(39) - n*Ru(56) 64.91

n N(11) - n*Ru(58) 18.71

n N(22) - n*Ru(57) 67.46

Orbitals of spin B
Donation ZEest (kcal mol-1)
ruthenium ions — oxo bridge
n O(55) = n*Ru(56) 86.15
n O(55) = n*Ru(57) 88.38
n O(55) - n*Ru(58) 86.68
ruthenium — orthometalated
BD* C(41)-Ru(57) = n*Ru(57) 36.49
ruthenium — acetates
n O(61) - n*Ru(57) 32,61
n O(60) - n*Ru(57) 72,39
n O(59) - n*Ru(57) 81,83
n O(68) - n*Ru(58) 38,82
n O(65) - n*Ru(58) 35.19
n O(66) - n*Ru(58) 30.91
n O(67) - n*Ru(58) 69.44
n O(63) - n*Ru(56) 38.82
n 0(62) - n*Ru(56) 72.74
n 0(64) - n*Ru(56) 88.42
ruthenium — pyridine

n N(39) = n*Ru(56) 62.69
n N(11) - n*Ru(58) 64.19

n N(22) - n*Ru(57) 67.14




n N(11) = n*Ru(58) -

Figure ESI12. Orbitals involved in the pyridine — RuzO donation-reception dynamics.
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Figure ESI13. Orbitals involved in the acetate — RusO donation-reception dynamics.



n N(39) = n*Ru(56)

Figure ESI14. Orbitals involved in the dppz — RusO donation-reception dynamics.

n O(55) = n*Ru(58)

Figure ESI15. Orbitals involved inside the [RusO] donation-reception dynamics.
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Figure ESI16: Ground-state absorbance spectra of free ligands in DMSO solution.
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Figure ESI17. Cyclic voltammograms of clusters 1(A) — 5 (E), in 5,0x10° M CH.Cl.
solutions (0.1 M of NBu4PFe).

Determination of ligands pKa (2-4)

The pKa values of ligands (2-4) were determined by experimental procedure
using the spectrophotometric method.'Buffer solutions were prepared in the pH range
from 1.00 to 8.00 by mixing the salts: (Citric Acid Buffer - Na;HPO4 and Tris-HCI
Buffer, NH,C(CH20H)s.2 For all solutions, 2% DMSO was used due to the low
solubility of the ligands in aqueous medium. Spectral changes were recorded on a

spectrophotometer model HP8453, AGILENT, at specific maximum wavelengths of
each ligand.
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Figure ESI118. Absorbance vs pH from spectrophotometric titration of ligands dppn (A),
dppz (B), dppzCHs (C), dppzCl (D), phen (E).
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Figure ESI19. Dependence of the methyl hydrogens 6 values on the pka of the
orthometalated ligands. The first row presents the correlations for the five ligands and
the second row presents the correlations without the values of complex 5 (phen ligand).
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Figure ESI22.. FSTA spectra of clusters (A) [RusO(CH3COO)es(py)-MeOH]PFs; (B) 2;
(C) 3; (D) 4 and (E) 5, in CH2Cl2 (hexc = 700 nm, 4 WJ).
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