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Metal complex dyads, MD, comprise a transition metal
chromophore (M) covalently linked to an organic electron donor

(D).1=3 Photochemical excitation of these assemblies produces

a charge-separated state; MD™*, which has a lifetime that is
controlled by the dynamics of the highly exothermic (inverted
region) charge recombination reacti®h.In previous studies
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A mechanism forc-1 — t-1 photoisomerization is provided
in Scheme 1. Near-UV excitation produces MLCT excited state
c-1*, which subsequently relaxes either by radiative and
nonradiative decay to-1 (step 1) or by forward electron transfer
(step 2) to afford charge-separated stat® in which the
piperazine donor is oxidized and the bpy acceptor ligand is
reduced (i.e., bpy). The occurrence of step 2 io-1* is
indicated by the fact that the MLCT emission lifetime of
(tem= 55 ns) is suppressed compared to that of model complex

it has been shown that the lifetime of the charge-separated statey (- — 235 ns). The emission lifetimes f1 and 2 allow

in M—D assemblies increases with the driving force for charge
recombinatio3¢ or the separation distance between M and
D.3* Herein we report a new approach to increasing the lifetime

estimation ok; (1.4 x 10’ s™) and the efficiency for formation
of charge-separated staté (¢, = 0.76)1! Piperazine isomer-
ization is believed to occur via fragmentation of the 2,3C

ofacharge-separateq state in a metal comple?( dyad vyhich reliesyong (step 3) to form a new charge-separated state in which
on the reversible ring opening of the radical cation of a he piperazine exists as a distonic cation radical with two

piperazine electron donor. Thus, metal complex dgatl
contains the (bpy)RE€CO):— (Re) chromophore covalently

possible structuregté or 4b). Carbonr-carbon bond fragmenta-
tion in radical cations is well precedented in acyclic systéms.

linked to a 2,3-diaryl-1,4-dimethylpiperazine electron donor. ngeed, recent studies indicate that for acyclic 1,2-diaryl-1,2-

Intramolecular electron transfer from piperazine to photoexcited
Re produces a charge-separated state in which Re is reduce

and the piperazine is a cation radical. Carboarbon bond

giaminoethanes €C bond fragmentation is exoergonic and

ccurs withk > 10° s1.1%¢ Since C-C bond fragmentation in
4 is probably exoergoni¥ the reverse process (e.g..—~ 3)

fragmentation in the piperazine cation radical produces a New cannt occur, and therefore isomerization occurs via charge
charge-separated state in which the donor exists as an opentecombination (step 4) followed by coupling of 1,6-diradigal

chain distonic cation radical. The net result is the production
of a charge-separated state having a lifetime which—4®&
fold longer than that observed in structurally related metal
complex dyads.

The isomeric complexes-1 andt-1 were synthesized and
fully characterized. The near-UV absorption of both compunds
is dominated by thesd (Re)— z* (bpy) metal-to-ligand charge
transfer (MLCT) transition of the Re chromophdrdrradiation
of a solution ofc-1 in air-saturated or Ar-degassed ¢EN at
366 nm affordst-1 as the sole chemical product with high
quantum efficiency ®¢1-+1 = 0.46 + 0.05 in Ar-degassed
solution)?°

(step 6)t6

A significant question is why-1 — c-1 photoisomerization
does not occur. Quite remarkably, the MLCT emission lifetime
of t-1 (tem = 233 ns) isnot suppressed substantially from that
of model 2, which indicates that forward electron transfer is
too slow to compete with normal decay of the MLCT excited
state,t-1*. The lack of electron transfer quenching il*
precludes formation of charge-separated steBgnot shown
in Scheme 1), thereby closing off the pathwaytid — c-1
isomerization via fragmentation of the piperazine cation radical.

(10) @111 is an overall quantum efficiency determined by analysis of
solutions subjected to steady state irradiation for a sufficient time to allow
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Figure 1. Transient absorption difference spectra of the principal
spectral components extracted by factor analysis of multiwavelength
transient absorption kinetic data obtained in argon-degasse@XCH

(a) Solid line, the only component fdrl (z = 247 ns); dashed line,
first component observed farl (zgecay= 47 NS). b) solid line, second
component observed farl (zise = 47 NS,Tdecay= 150 ns); dashed
line, spectrum of [(bpy)Re(COX(pyridine)P formed by photoinduced
electron transfer quenching with PheBPhs~.

500

Forward electron transfer is slower ffl than inc-1 because
the trans-piperazine is more difficult to oxidize than thes-
piperazine by approximately 300 mV.

Nanosecond transient absorption studies carried out-bn
andt-1 provide evidence for the existence of the unique charge-
separated staté First, excitation oft-1 in degassed C4CN

solution with a 10 ns, 355 nm pulse produces a single transient
having a strong absorption band at 370 nm which is assigned

to MLCT excited statda-1* (Figure 1a, solid line)3¢ Factor
analysis® of the transient absorption data indicates that
decays with a lifetime of = 247 ns, in accord with the emission
lifetime. By contrast, excitation of-1 under the same condi-
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transients. The first is MLCT staie1*; its spectrum (Figure

la, dotted line) is very similar to that d@fl, and its decay
lifetime (47 ns) is consistent with the MLCT emission lifetime
of c-1. The second transient (Figure 1b, solid line), which is
attributed to charge-separated spededas rise and decay
lifetimes of 47 and 150 ns, respectively. Assignment of the
second transient tbis based on (1) the similarity of its transient
absorption spectrum to that of the reduced Re chromophore (i.e.,
(opy")RE(CO)%—) produced by photoinduced electron transfer
(Figure 1b, dotted line) and (2) the absence of an absorption
band at 600 nm which would be expected if the 1,4-dimeth-
ylpiperazine cation radical is preséfit.

The dynamics of charge recombination in structurally related
(bpy)Ré(CO)—(donor) complexes have been studied exten-
sively23 Although the rates generally decrease weakly with
increasing driving force or separation distance, in these dyads
charge recombination in polar solvents typically occurs with
> 5 x 10’ sL. Indeed, charge recombination rate&0’ s™*
have only been achieved in metal complex systems by using
elaborate donor/acceptor “triad” assembfiedn view of this,
it is remarkable that charge recombination in the charge-
separated staté is considerably slower (i.ek = 6.7 x 10°
s™1) than in the related metal complex dyads. The comparatively
long lifetime of the charge-separated state arises because
relaxation of4 to c-1 (or t-1) involves diradical5 as an
intermediate. Thus, the rate-determining step for decayisf
step 4, which is a weakly exothermic Marcus normal region
electron transfer reactiorAG, ~ —0.2 eV}! because the
product ) is a high-energy diradical intermediate. The
observed decay rate dfis in accord with a Marcus normal
region electron transfer between an electron donor and acceptor
(i.e., bpy~ and R-CH=N'R;, respectively) that are weakly
coupled2 5

This study outlines a conceptually general means of augment-
ing the lifetime of a charge-separated state by coupling photo-
induced electron transfer with a rapid, but reversible, chemical
process. A similar concept has recently been successfully
applied to increase the lifetime of the charge-separated state in
a porphyrin-quinone dyad by coupling electron transfer with
a rapid proton transfer stéd. Work in progress in our
laboratory seeks to extend this concept to new reactive donors
in an effort to further prolong the lifetime of charge-separated
intermediates produced by photoinduced electron transfer.
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