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Characterization Details:

L: 1H-NMR (CDCl3, 400 MHz): δ 8.83 (s, 4H, H-4′), 8.79 (d, 4H, H-6, J = 4.2 Hz), 8.74 (d, 4H, H-3, J = 7.0 Hz), 8.09 (s,

4H, H-2″), 7.92 (dd, 4H, H-4, J = 7.0 Hz), 7.39 (dd, 4H, H-5, J = 4.2 Hz) ppm. MALDI–MS: m/z [%] 541 [100, M+1], 443

[27], 324 [10], 221 [17]. EA: Found: C, 79.57, H, 4.73, N, 12.31%, Calc’d for C36H24N6: C, 79.98, H, 4.47, N, 15.54%.

[(ttpy)RuL][PF6]2: 
1H-NMR (CD3CN, 400 MHz): δ 9.12 (s, 2H, H-B4′), 9.02 (s, 2H, H-C4′), 8.97 (s, 2H, H-A4′), 8.79 (m,

4H, H-C3, H-C6), 8.70 (m, 4H, H-B3, H-A3), 8.46 (d, 2H, H-B2″, J = 7.8 Hz), 8.35 (d, 2H, H-B3″, J = 7.8 Hz), 8.13 (m,

4H, H-A2″, H-C4), 7.97 (m, 4H, H-B4, H-A4), 7.60 (m, 4H, H-A3″, H-C5), 7.48 (m, 4H, H-B6, H-A6), 7.22 (m, 4H, H-B5,

H-A5), 2.57 (s, 3H, CH3) ppm. ESI–MS: m/z [%] 483 [100, M], 374 [5], 347 [7], 322 [12]. EA: Found: C, 55.86, H, 3.50,

N, 9.77%, Calc’d for RuC58H41N9P2F12: C, 55.51, H, 3.29, N, 10.04%.

[(ttpy)RuLRu(ttpy)][PF6]4: 
1H-NMR (CD3CN, 400 MHz): δ 9.19 (s, 4H, H-B4′), 9.05 (s, 4H, H-A4′), 8.78 (d, 4H, H-B3, J

= 8 Hz), 8.71 (d, 4H, H-A3, J = 8 Hz), 8.62 (s, 4H, H-B2″), 8.17 (d, 4H, J = 7.6, H-A2″), 8.03 (m, 8H, H-A4, H-B4), 7.64

(d, 4H, H-A3″, J = 7.5 Hz), 7.51 (m, 8H, H-A6, H-B6), 7.26 (m, 8H, H-A5, H-B5), 2.58 (s, 6H, CH3) ppm. ESI–MS: m/z

[%] 348 [70, M+1], 322 [8], 271.5 [7], 198.5 [7], 173.5 [10], 157.5 [100], 152 [35], 135.5 [30]. EA reported by Constable

et al., J. Chem Soc. Dalton Trans. 1992, 3467.

[(ttpy)RuLRuLRu(ttpy)][PF6]6: 
1H-NMR (CD3CN, 400 MHz): δ 9.23 (s, 4H, H-C4′), 9.21 (s, 4H, H-B4′), 9.06 (s, 4H, H-

A4′), 8.79 (t, 8H, H-B3, H-C3), 8.71 (d, 4H, H-A3, J = 7.9 Hz), 8.64 (s, 8H, H-B2″, H-B3″), 8.17 (d, 4H, H-A2″, J = 7.4

Hz), 8.03 (m,12H, H-A4, H-B4, H-C4), 7.64 (d, 4H, H-A3″, J = 7.4 Hz), 7.58 (d, 4H, H-C6, J = 5.3 Hz), 7.52 (m, 8H, H-

A6, H-B6), 7.28 (m, 12H, H-A5, H-B5, H-C5), 2.58 (s, 6H, CH3) ppm. ESI–MS: m/z [%] 339.2 [40, M+1], 200.5 [7], 146.2

[70]. EA: Found: C, 47.52, H, 2.89, N, 7.89%, Calc’d for Ru3C116H82N18P6F36: C, 48.03, H, 2.85, N, 8.69%.
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Table S1.  Estimations of the energies of activation for electron transfer ∆G*. 

[Ru(bpy)3]
2+ [Ru(ttpy)2]

2+ [(ttpy)Ru(L)]2+ [{(ttpy)Ru}2(L)]4+ [{(ttpy)Ru(L)}2Ru]6+

Λ /eV a 0.955 0.955 0.955 0.955 0.955

WR /eV b 0.119 0.119 0.119 0.172 0.207

WP /eV b 0.089 0.089 0.089 0.129 0.155

∆G0
PET /eV c -0.42 -0.24 -0.22 -0.22 -0.22

∆G0
BET /eV c -1.71 -1.70 -1.72 -1.72 -1.72

∆G*PET /eV d 0.19 0.24 0.25 0.29 0.32

∆G*BET /eV d 0.23 0.22 0.23 0.25 0.26

a Reorganizational energy calculated as Λ ≈ Λout = e2 (1/2RA + 1/2RB - 1/(RA+RB)(1/n2 - 1/ρ) since the inner sphere

component is near zero.1 RB = 3.3 Å for MV2+/MV •+ and RA = 7 Å for all complexes at closest approach.2 The refractive

index n for CH3CN is 1.3441 and the dielectric constant ρ is 37.5. 
b  By an end-on approach, the electrostatic work term is W = qB f {qA/a + qA/(a+c) + 2i/(a+b) + 2i/(a+b+c) + 2j/(a+2b) +

2j/(a+2b+c)}where qA is the proximal metal charge, qB is the charge on each nitrogen of the acceptor MV 2+/•+, a is the

distance of closest approach to the proximal metal (corresponding to RA+RB = 10.3 Å), b is the distance between metals,

estimated at 15.3 Å,3 c is the NLN separation in MV 2+/•+, estimated at 7.0 Å from a crystal structure;4 i = j = 0 for

[(ttpy)Ru(L)]3+/2+, i = 1 and j = 0 for [{(ttpy)Ru}2(L)]5+/4+ and i = j = 1 for [{(ttpy)Ru(L)}2Ru]7+/6+; f = e2/(4πρε0), where e =

1.602 × 10–19 C and ε0 is the vacuum permittivity constant, and f has a value in CH3CN of 37.0 eV Å mol–1. WR refers to the

reactant state (qA = +2 and qB = +1) and WP refers to the product state (qA = +3 and qB = +1/2). For an end-on attack of the

middle metal in the trinuclear complex, W = qB f {qA/a + qA/(a+c) – 4arctan(a/b)/b – 4arctan((a+c)/b)/b}; WR increases to

0.289 eV and WP increases to 0.172 eV. For an end-on attack of the dinuclear complex at its middle, W = qB f {(qA+2)/a –

(qA+2)arctan(a/c)/c} where a is now 15.3/2 Å; WR then increases to 0.338 eV and WP increases to 0.211 eV.
c Using ∆G°PET = Eox (Ru3+/2+) – Ered (MV 2+/•+) – E00 and −∆G°BET = Eox (Ru3+/2+) – Ered (MV 2+/•+).5 Ered (MV 2+/•+) = -0.45 V

(vs. SCE in CH3CN) and Eox is +1.26 V for [Ru(bpy)3]
3+/2+,6 +1.25 V for [Ru(ttpy)2]

3+/2+,7  and +1.27 V for the others (see

Table 1), all vs. SCE in CH3CN. E00 for [Ru(bpy)3]
2+ is 2.12 eV.8 E00 for [Ru(ttpy)2]

2+ is calculated at 1.94 eV from the

emission λmax at 640 nm,9 and the same E00 value was used for the other cases.
d ∆G* = WR + (∆G° + Λ + WP – WR)/4Λ.1 ∆G*PET increases to 0.39 eV for attack of the middle metal in the trinuclear case,

and to 0.44 eV for attack of the dinuclear complex at its middle; ∆G*BET correspondingly increases to 0.29 and 0.32 eV,

respectively.


