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In a series of complexes [(ttp)Ru{tpy(Cd-€+py}]2+, the 
Ru-tpy type chromophore and the free tpy site are 
separated by a variable number (n = 0-2) of phenylene 
spacers [tpy = 2,2' : 6',"'-terpyridine, ttp = 4'-@-tolyl)- 
2,2': 6',2"-terpyridine]; for the complex with n = 0, 
modulation of the luminescence properties of the Ru-based 
chromophore can be performed by protonation at the free 
tpy site suggesting a new approach for affording long-lived 
excited species of the basic Ru-tpy type unit. 

The control of vectorial energy and electron transfer on 
multicomponent assemblies requires the synthesis of rigid rod- 
like molecular species. With this aim the use of tpy (tpy = 
2,2'"',2''-terpyridine) is particularly appealing since function- 
alization of the ligand at the right position allows the 
construction of multicomponent systems based on the electro- 
and photo-active Ru(tpy)Z2+ unit and its analogues, with a very 
strict control over the geometry of the assembly.' 

In previously studied systems24 containing a Ru(tpy)Z2+ 
component and various electron or energy acceptors attached to 
it, the Ru-based complex was excited (Ru + *Ru), the ensuing 
process being subsequently monitored. Intrinsic deactivation of 
the Ru(tpy)22+ unit competes with these photoinduced processes 
and is thus a serious limitation. The main drawback, inherent to 
Ru(tpy)22+, is that the lowest lying excited state is short-lived 
(ca. 1 ns at room temperature).7 Several groups have tried to 
increase the lifetime of Ru-tpy type centres by structural 

modifications, knowing that the photophysics of ruthenium- 
polypyridine complexes is governed by the energy gap, AE, 
between the luminescent level, of metal-to-ligand charge 
transfer (MLCT) electronic configuration, and a higher lying 
metal-centred (MC) level. The latter level provides an activated 
pathway for fast radiationless decay of the luminescent state.8 
Thus one tries either to push the MC level to higher energy or 
to stabilize the MLCT level with the aim of increasing AE. For 
instance, this has been done by using (i) electron-withdrawing 
or repelling groups at 4' positions,7 (ii) cyclometallating 
ligands,g and (iii) large tpy-type ligands.10,ll We present here an 
alternative approach for obtaining long-lived excited species for 
Ru-tpy chromophores, based on the influence of protonation in 
the series of complexes, as illustrated in Scheme 1. The 
synthesis and the characterization of the complexes 12+-32+ 
were described previ~usly.~ 

The free tpy site of compounds 12+-32+ can be protonated in 
slightly acidic medium (pKa2 = 3.42 and pK,1 = 4.64 for 
H2tpy2+ and Htpy+ respectively'2). 

While the visible absorption spectra of 22' and 32+ are 
practically unchanged at pH 3 1, the absorption maximum of 
complex 12+ gradually shifts from 490 to 500 nm on passing 
from pH 7 to 1 [as revealed by titration experiments with HC1 in 
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acetonitrile-water (1 : 1) in the presence of 1 mol dm-3 KN031. 
Thus, for 12+ the spectroscopic properties ( i )  are consistent with 
a Ru + (tpy-tpy) CT electronic configuration for the Ru-based 
chromophore and (ii) can be varied by protonation at the 
appended tpy fragment.13 In our case, the influence of acidic 
solvent could be investigated best by luminescence titration 
(air-equilibrated solutions were employed in all cases). In the 
interval pH 1-7, three luminescent species were detected for 1 2 +  
exhibiting A,,, at 650, ca. 680 and 700 nm, respectively, and 
lifetime values of 4, 22 and 80 ns, respectively. Fig. 1 
summarizes the results of a global fitting analysis performed 
over 11 luminescence decays obtained in the indicated pH 
interval by monitoring the full spectral range from 610 to 750 
nm and according to eqn. (1). 

Z( t )  = Blexp(-t/Tl) +B2exp(--tllt2) +B2exp(--tl.c3) (1) 
As one can see, the relative contributions, Bi change with pH. 

In particular, at both pH 2.2 and 1, the luminescence is mostly 
due to a single species. According to the protonation behaviour 
of the free tpy 1igandl2 these species should be the protonated 
forms of 12+, i.e. Hl3+, [(ttp)Ru(tpy-tpyH)]3+ at pH 2.2 and 
H214+, [(ttp)Ru(tpy-tpyH2)I4+ at pH 1. 
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Fig. 1 Calculated contributions (relative intensities, Bi)  for the three 
components of the luminescence decays in the case of 12+ [see eqn. (1) in 
text]. Given that the estimated uncertainties on Bi are ca. 20%, it is 
presumed that only the component with t = 4 ns is present at pH > 4. 

Table 1 Luminescence dataa 

N A  N A  N A  
12+ 649 700 2.0 16.0 2.8 80.0 
22+ 648 656 1.1 1.7 1.7 3.1 
32+ 648 648 1 . 0 ~  1.1 1.5 2.4 

a From uncorrected spectra, in neat acetonitrile (N) and acetonitrile 
containing 0.1 mol dm-3 CF,COOH (A). b Excitation of isoabsorbing 
samples, he,, 490 nm. c @ = 5.0 X 10-5. 

Table 1 compares luminescence data for the investigated 
complexes in pure acetonitrile and in acetonitrile containing 0.1 
mol dm-3 CF3C02H. 

The photophysical results indicate that acidification has no 
effect on 32+ but causes a small shift on the MLCT band in 22+, 
in accordance with the length of the spacer separating tpy 
fragments in each complex (two or one phenylene units, 
respectively). By contrast, the acidic solvent induces a very 
significant bathochromic shift of the emission for 12+. It also 
gives rise to an enhanced luminescence intensity and a longer 
excited-state lifetime as compared to the situation in neat 
acetonitrile (T = 80 vs. 2.8 ns). In this case, the direct back-to- 
back connection between the two tpy units ensures a relatively 
strong coupling between the protonatable site and the ruth- 
enium-containing site. This is reflected by the strong influence 
of protonation of the free tpy on the luminescence properties of 
the complex. 

The spectroscopic and luminescence properties of complexes 
12+-32+ and their diprotonated forms, H214+-H234+ can be 
rationalized in terms of energy difference AE between the 
emitting MLCT and the MC states combined with the degree of 
delo~alizationl~ of the promoted electron in the MLCT excited 
state over the bis-tpy ligand. The protonable tpy fragment 
provides a remote site for control of the luminescence properties 
of the ruthenium(I1) complex component. 
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