
5378 J. Am. Chem. Soc. 1990, 112, 5378-5379 

Long-Range, Light-Induced Redox Separation across a 
Ligand Bridge 

Rich Duesing, Gilles Tapolsky, and Thomas J. Meyer* 

Department of Chemistry, University of North Carolina 
Chapel Hill, North Carolina 27514 

Received December 26, 1989 

Molecular systems have been designed that undergo intramo­
lecular photochemical electron transfer to give spatially separated 
oxidative and reductive equivalents.1 In that sense, they begin 
to mimic the redox splitting characteristics of the reaction center 
in photosynthesis.2 A chemically versatile approach to the design 
of such systems exists based on polypyridyl complexes of Re1, Ru", 
or Os". In these complexes, metal to ligand charge transfer 
(MLCT) excitation leads to well-defined excited states that un­
dergo facile electron transfer. Examples are known wherein 
MLCT excitation is followed by intramolecular electron transfer 
to give a redox-separated state, e.g., eqs 1 and 2 (bpy is 2,2'-
bipyridine).3 In other cases, MLCT excitation has been shown 

[(bpy)Re'(CO)3(pyPTZ)]+-^ 
[(bpy-)Re"(CO)3(pyPTZ)]+* (1) 

KbPy)Re1KCO)3(PyPTZ)I+* -
[(bpy-)Re'(CO)3(pyPTZ-+)]+ (2) 

to lead to photochemical electron transfer with the oxidative and 
reductive equivalents spatially separated on different ligands,4 or 
on a metal ion across a ligand bridge.5 

One of our interests in this area is in establishing and cataloging 
the approaches at the molecular level that can lead to light-induced 
redox splitting. We describe here the results of a study on the 
complex [(PTZ-bpy)(CO)3Re1(4,4'-bpy)ReI(CO)3(bpy)]2+ (bpz 
is 2,2'-bipyrazine; 4,4'-bpy is 4,4'-bipyridine; PTZ-bpy is A-
phenothiazinyl-4'-methyl-2,2'-bipyridine). With this complex, we 
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Figure 1. Transient absorbance difference spectra obtained 10 ns after 
laser excitation in freeze-pump-thaw deoxygenated 1,2-dichloroethane 
solutions at 294 ± 1 K for (A) [(PTZ-bpy)(CO)3Re'(4,4'-bpy)ReI-
(CO)3(bpz)]2+and (B) [(bpz)Re'(CO)3(py-PTZ)]+. The ground-state 
absorbance was ~0.7 at the excitation wavelength, 355 nm. The laser 
pulse energy was 6 mJ/pulse. 

have been able to utilize M L C T excitation, the electron-transfer 
characteristics of the P T Z and bpz groups, and the 4,4'-bpy 
bridging ligand to achieve long-range, ligand-based, light-induced 
redox splitting across a ligand bridge. 

The redox properties of the electron transfer donor PTZ3,4 '7 and 
acceptor bpz6 sites have been well characterized in previous studies. 
Synthetic procedures for related complexes of Re1 are available,8 
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and the photophysical properties of these complexes have been 
studied in detail.3'9 
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In the preparation of the ligand-bridged complex, the coupling 
reaction between [(PTZ-bpy)Re'(CO)3(4,4'-bpy)](PF6) and 
[CbPz)ReHCO)3(CF3SO3)] was utilized in THF as the solvent.10 

On the basis of cyclic voltammetric measurements in 0.1 M [N-
(/J-C4HO)4] (PF6) in CH3CN, (1) a reversible PTZ+/0 wave appears 
at Ew2 = +0.80 V vs the saturated sodium calomel electrode 
(SSCE), (2) irreversible Re"/1 waves appear at £p>a = 1.75 V and 
1.95 V for the Re(bpy) and Re(bpz) sites, and (3) a reversible 
bpz"''0 wave appears at El/2 = -0.65 V followed by overlapping 
waves at ca. -1.2 V, for reduction at both the bpy and 4,4'-bpy 
ligands. The absorption spectrum of the complex is dominated 
by ligand-centered «•-»«•* transitions at high energy (<330 nm) 
and at >330 nm by transitions that are dir(Re) -»7r*(bpz,PTZ-
bpy,4,4'-bpy) in character. On the basis of spectral comparisons 
with related complexes, the dx(Re) - • ir*(bpy) and d7r(Re) -* 
ir*(bpz) transitions occur at 355 and 415 nm, respectively." 

There is no intrinsic emission from the complex. A transient 
absorbance difference spectrum obtained 10 ns after 355-nm laser 
excitation in 1,2-dichloroethane (DCE) is shown in Figure IA.12 

Absorption features that are characteristic of PTZ , + , at Xmax = 
515 nm, and of bpz*", at Xma, = 380 nm, appear in the spec­
trum.3'4* These features were present at our earliest observation 
times (<5 ns). They decay exponentially with k = (3.03 ± 0.30) 
X 107 s"1 in CH3CN or k = (1.82 ± 0.15) X 107 s"1 in DCE, 
independently of the excitation (355 or 420 nm) or monitoring 
wavelengths (340-600 nm). Excitation of [(bpz)Re'(CO)3-
(4,4'-bpy)]+ at 355 nm under the same conditions gave rise to 
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the characteristic -w — ir*(bpz* ) transition at 380 nm for 
[(bpz-)Ren(CO)3(4,4'-bpy)]+*. This MLCT excited state decays 
with k = (3.03 ± 0.30) X IO7 s"1 in CH3CN or k = (1.10 ± 0.06) 
X 107 s"1 in DCE. Following excitation of [(PTZ-bpy)Re1-
(CO)3(4-Etpy)]+ at 355 nm, absorption features appear for the 
redox-separated state, [(PTZ,+-bpy-)Re'(CO)3(4-Etpy)]+, at Xmx 

= 515 nm [ir - * TT*(PTZ , + ) ] and 370-400 nm [*• — x*(bpy-)]. 
This state decays with k = (1.14 ± 0.06) X 107 s"1 in CH3CN 
or k = (4.65 ± 0.25) X 106 s"1 in DCE. By comparison with rate 
constants for processes such as that depicted in eq 2,30 its relatively 
long lifetime is a consequence of the large free energy change 
associated with the reaction. For all of the complexes investigated, 
the decay processes followed single-exponential kinetics. 

The most revealing comparison is with the chromophore-
quencher complex [(bpz)Re'(CO)3(py-PTZ)]+, Figure lB.3c 

Following 355-nm excitation of this complex, the same absorption 
features appear at 370 and 515 nm as in the ligand-bridged 
complex. However, they decay with k > 108 s"1 in CH3CN or 
k = (9.1 ± 1.5) X 107 s"1 in DCE. Under identical conditions 
of absorption and excitation, laser photolysis of [(bpz)Re1-
(CO)3(py-PTZ)]+ or [(PTZ-bpy)(CO)3ReI(4,4'-bpy)Re'(CO)3-
(bpz)]2+ gave comparable AA values (±15%) at 375 and 515 nm. 

From these comparisons, laser excitation of the ligand-bridged 
complex leads to photochemical redox splitting over a distance 
of ~ 11 A across the 4,4'-bpy bridging ligand, eq 3. From redox 
potential measurements, the redox-separated state that is the 
product of the photolysis, [(PTZ,+-bpy)Re!(CO)3(4,4'-bpy)-
Re'(CO)3(bpz*")]2+*, lies at ~1.4 eV above the ground state and 
returns to the ground state with k = (1.82 ± 0.15) X 107 s"1. This 
state lies ~0.4 eV lower than the next lowest excited state in the 
complex. 

[(PTZ-bpy)(CO)3Re I(4,4'-bpy)Re I(CO)3(bpz)]2 +-5 E i^ r r 

[(PTZ-+-bpy)(CO)3Rel(4,4'-bpy)ReI(CO)3(bpz-)]'2+* (3) 

We are currently investigating the pathways by which the 
redox-separated state is formed. Because of spectral convolution, 
excitation at 355 nm occurs via the transitions d?r(Re) -* ir*(bpy), 
d;r(Re) — 7r*(bpz), dir[Re(bpy)] — ir*(4,4'-bpy), and dir[Re-
(bpz)] ->• ir*(4,4'-bpy). At 420 nm, absorbance is dominated by 
the transition dir(Re) —• 7r*(bpz) (>75%). It is a remarkable fact 
that the redox-separated state is formed rapidly (<5 ns) and with 
efficiencies of formation that are comparable following excitation 
into any of the four transitions. From time resolved absorbance 
measurements on [(PTZ-bpy)Re'(CO)3(4-Etpy)]+ and [(bpz)-
(CO)3Re'(4,4'-bpy)]+, the (PTZ'+-bpy") and Re"(bpz-)-based 
states probably play a role in leading to the final redox-separated 
state but they do not build up as discrete intermediates. The 
lifetimes of [(PTZ ,+-bpy-)Re>(CO)3(4-Etpy)]+* and of 
[(bpz")(CO)3Re"(4,4'-bpy)]+* are longer than the lifetime of 
the final redox-separated state in DCE. No spectral evidence for 
a 4,4'-bpy-based state has been obtained; this state is known to 
have a low energy absorption feature at Xmax = 600 nm.12 

Our results demonstrate that it is possible to achieve rapid, 
excitation wavelength independent, light-induced redox splitting 
over a distance of 11 A across a ligand bridge. The redox 
characteristics of the system are poised so that broad-band ex­
citations of a variety of transitions all lead to the redox-separated 
state with comparable efficiencies. The lifetime of this state in 
the ligand-bridged complex is enhanced by a factor of 5 compared 
to [(bpz-)Re'(CO)3(py-PTZ ,+)]+. Lifetimes in both cases may, 
in part, be dictated by through-space, back electron transfer. 
Molecular models show that, given the folding abilities of the 
bpy-PTZ ligand and the facial geometry at the metal complex 
sites, it is possible for the photoproduced oxidant/reductant pair 
to reach a separation distance of ~ 4 A in the py-PTZ monomer 
and ~ 6 A in the ligand-bridged dimer. 
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