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Directed Charge Transfer. Reductive Quenching in a 
Chromophore-Quencber Complex 

Sir: 

A number of chromophore-quencher complexes have been 
reported in which optical excitation is followed by intramolecular, 
oxidative quenching to lead to charge separation at the molecular 
level. The chemical systems involved have included quinones 
attached to porphyrins,' as well as related systems based on 
metal-to-ligand charge-transfer (MLCT) excited  state^,^,^ e.g. 
[ R ~ " ( ~ P Y ) ~ ( M ~ Q )  21 4+ or [ ( ~ P Y )  Re'(C0) dMeQ) 1 2+ ( ~ P Y  = 
2,2'-bipyridine). 

MeQt 

In the systems containing attached oxidative quenchers, transient 
measurements have shown that the initial excitation is followed 
by intramolecular electron-transfer quenching, eq 1, and, in the 

net sense, optically induced, directed charge transfer along selected 
molecular axes. MLCT excited states like [(bpy)2Rum(bpy-.)]2'* 
are known to undergo reductive4 as well as oxidative quenching 
by bimolecular processes, Re(bpy)?+* + D - Ru(bpy),+ + D+. 
Clearly the possibility exists for preparing chromophorequencher 
complexes in which the sense of the quenching is reversed in that 
initial excitation to a MLCT excited state is followed by intra- 
molecular reductive q~ench ing .~  

In order to explore this possibility, we have prepared the com- 
plex [(bpy)ReI(CO),(py-PTZ)]+. The structure of the elec- 
tron-transfer donor ligand is as follows: 

p y - P T Z  

The ligand was prepared by the reaction between an excess of the 
lithio salt of the phenothiazine anion and a suspension of [H(N- 
C5H4)CH2Cl]C1 in dry THF solution. After purification of the 
ligand by column chromatography and recrystallization, the 
chromophore-quencher complex was pre.pared by using an es- 
tablished procedure summarized by the reaction in eq 2. The 
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complex was conveniently purified by recrystallization and gave 
satisfactory elemental analysis results and an NMR spectrum 
consistent with the proposed formulation. 

The rhenium-based chromophorequencher complex has optical 
and electrochemical properties closely related to model systems 
such as [(bpy)Re(CO),(py-Et)]+ (py-Et = 4ethylpy1idine).~,~ In 
acetonitrile the lowest MLCT transition for [(bpy)Re(CO),(py- 
PTZ)]+ occurs as a broad shoulder centered at approximately X 
= 348 nm (e = 4584 m-' cm-I). The complex is oxidized at Ellz 
= +0.83 V (vs. SCE), which is very near the potential for oxidation 
of the free ligand, = +0.76 V. An additional, irreversible 
wave, which could be due to the Re(II/I) couple, is found at E, 
= +1.6 V. From the bpy-based reduction of [ (b~y)Re(C0)~-  
(py-PTZ)]+ at -1.13 V and the mom-temperature emission energy 
of [(bpy)Re(CO),(py-Et)]+ (580 nm = 2.14 V) the estimated 
excited-state reduction potential for the couple [(bpy-.)Re"- 
(CO)3(py-PTZ)]+*/[(bpy--)Re'(CO)3(py-PTZ)] is Ell2 = +1.01 
V. From this potential and the potential for the coordinated 
-PTZ+/O couple, intramolecular reductive quenching is thermo- 
dynamically favored by -0.2-0.3 V. 

At 80 K in 4:l ethanol-methanol the photophysical properties 
of the MLCT excited state of the chromophorquencher complex 
(Amm = 510 nm, 7 = 4100 ns) are essentially the same as those 
of the 4-ethylpyridme model complex (A-m = 505 nm, T = SO00 
ns). However, at room temperature the properties of the two 
complexes are extraordinarily different. For the model complex 
a relatively strong emission occurs at Amaxem = 580 nm, with T 

213 ns. The matrix-induced shift in the emission energy and the 
decrease in lifetime for the model complex are consistent with 
observations made earlier on related complexes. The chromo- 
phore-quencher complex however shows no observable emission 
at room temperature. A related observation has been made for 
complexes containing the MeQ+ quenching ligand where intra- 
molecular quenching appears to be induced at the glass to fluid 
transition where there is sufficient rotational mobility for the two 
aromatic rings to begin to flatten., 

The most revealing results have come from transient absorption 
experiments. In Figure 1 the first spectrum is of the model 
complex at room temperature, which shows the characteristic 
difference spectrum expected for the MLCT-based excited state, 
[ (bpy--)Re11(C0)3(pyEt)]+*. The room-temperature transient 
difference spectrum obtained for the chromophore-quencher 
complex is also shown. The most striking feature in the latter 
spectrum is the appearance of a strong absorption feature at & 
N 500 nm. There is also evidence for the (bpy-.)-based chro- 
mophore in the 320-390 nm region. It is quite evident that at 
room temperature the chromophore-quencher and model com- 
plexes have profoundly different thermally equilibrated excited 
states. Our results are consistent with initial excitation into the 
MLCT chromophore followed by intramolecular quenching to give 
the charge-separated state, [ (bpy-.)Re'(CO)3(py-PtZ+.)]+*, as 
shown in eq 3. At room temperature, the quenching step (k,) 

C (  bp y-.) R .a%O)3 ( py - P TZ)l+" 
+ t* 

C( bpy-.) R e1(C0)3( py- P T Z  41 
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occurs within the laser pulse (- 10 ns) and is too rapid for us to 
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Figure 1. Transient absorbance spectra in acetonitrile solution for the 
model and chromophorquencher complexes: (a) [(b~y)Re(CO)~(py- 
Et)](PF6); (B) [(bpy)Re(CO),(py-FTZ)] [PF,]. Spectra are plotted as 
AA = log (Z,,/Z,) vs. wavelength, where t is the delay time following the 
laser pulse. Both spectra were obtained in solutions containing sufficient 
complex that the ground-state absorbance was 0.5 at the exciting wave- 
length, 355 nm. The laser pulse energy was 10 mJ/pulse, and the delay 
times were 50 ns for spectrum A and 25 ns for spectrum B. The de- 
creased delay time for spectrum B lessens the quality of the signal but 
was necessary given the short-lived nature of the charge-separated state 
for [(bPY)Re(Co),(PY-PTZ)I+. 
observe by transient absorption measurements. The subsequent 
decay of the charge separated state ( ~ / T ~ O )  is rapid and occurs 
with T = 25 ns ( k  = 4 X lo8 s-’) a t  room temperature. 

The observation of the appearance and subsequent decay of 
the charge-separated state for the chromophorquencher complex 

gives useful insight into related processes and allows some in- 
teresting analogies to be made: (1) The intramolecular quenching 
step produces a chemically linked organic ”exciplex”, which decays 
by electron transfer through the intervening Re(1) “bridge” or, 
perhaps, by direct, through-space overlap. (2) The excitation- 
quenching sequence results in intramolecular sensitization of a 
low-lying interligand charge-transer (ILCT) state. An absorption 
band arising from the direct transition, [(bpy)Re(C0)3(py-PTZ)]+ 

[(bpy-.)Re(CO),(py-PTZ+)]+, is not observed, presumably 
because of negligible electronic coupling between PTZ and bpy. 
(3) Decay of the charge-separated state is highly favored ther- 
modynamically (AGO’ = -1.9 eV). Nonetheless, its decay is 
relatively slow (k = 4 X lo8 s-l), consistent with an electron- 
transfer reaction in the “inverted region” where the energy-gap 
law is expected to dictate the energy dependence of k. (4) When 
combined with the earlier work on attached oxidative quenchers, 
the results described here introduce the possibility of devising 
charge-separation devices a t  the molecular level where both ac- 
ceptor and donor quenchers are attached to a common chromo- 
phore: 

D-ML-A -k D-M+L--A - +D-ML-A- 
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