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The preparation and study of molecules for potential use as
switches and wires in electronic or optoelectronic devices are
areas of active research.1-18 Energy and electron transfer
processes within molecules can take place on a femtosecond
time scale. Thus, it may be possible to produce molecular
electronic devices that respond equally rapidly. Molecular
switches that employ optically-controlled, reversible electron
transfer reactions may possess both speed and photostability
advantages over molecular switches based on photochemical
changes in molecular structure. An important criterion for a
molecular switch is the ability to rapidly control the “states” of
the switch. In this paper we report the two-pulse femtosecond
electron transfer dynamics of a donor-acceptor(1) dyad,1, and
a donor-acceptor(1)-acceptor(2) triad,2, in which an initial
femtosecond laser flash is used to produce an ion pair, whose
subsequent fate is controlled by a second femtosecond laser
flash.

The synthesis of compound1 was described previously,19

while that of compound2 follows similar procedures.20 The
energetics for charge separation in compound2 in toluene are
given in Figure 1, while those for1 are similar. These were
determined using the 2.80 eV energy of the lowest excited
singlet state of the 4-aminonaphthalene-1,8-dicarboximide chro-
mophore (ANI),19 the redox potentials of ANI and the naph-
thalenediimide (NI) and pyromellitimide (PI) acceptors,21 as well
as the Coulombic interaction energy between ANI+ and NI- or
PI- by methods given previously.19 Transient absorption
measurements on1 show that direct excitation of the charge
transfer state of the ANI chromophore using 130 fs, 416 nm
laser pulses22 results in electron transfer from1*ANI to the
adjacent NI acceptor withτ ) 1.4 ns and a quantum yield of
0.92.19 The ANI+-NI- state of1, which lives forτ ) 150 ns,
exhibits characteristic optical absorptions for NI- at 480 and
605 nm; see the inset to Figure 2.19,23,24

Photoexcitation of organic radical ions leads to the formation
of excited doublet states that may transfer an electron to nearby
electron acceptors or to solvent.25,26 The strong 480 nm band
of NI- allows us to selectively excite NI- to its lowest excited
state, which in turn, permits us to observe competitive routes
for deactivation of this excited radical anion state.27 The
experiment is carried out by using 90% of the 416 nm, 130 fs,
100µJ per pulse output of a frequency-doubled, amplified Ti-
sapphire laser operating at a 1.3 kHz repetition rate to pump an
optical parametric amplifier that generates transform-limited 130
fs, 480 nm pulses.28 Both the 416 and 480 nm pulses can be
used to excite the sample. The 480 nm pump pulse is chopped
synchronously at one-half the repetition rate of the laser so that
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Figure 1. Energy level diagram for compound2.
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every other 480 nm pulse excites the sample. The 416 nm pump
pulse is not chopped. This detection scheme makes the probed
absorption signal sensitive only to changes in state populations
induced by the 480 nm pump pulse. The appearance and decay
of intermediate states is probed with a 130 fs white light
continuum. In the kinetic measurements the arrival times of
the two pumps are fixed relative to each other, while the probe
arrival time is varied. The total instrument function is 180 fs.29

Figure 2 shows transient absorption spectra that occur following
two-pulse excitation of1 in toluene. Excitation of1 with a
416 nm laser pulse att ) 0 initiates the formation of ANI+-
NI-. A 480 nm laser pulse selectively excites NI- within
ANI+-NI- at t ) 3 ns. At 300 fs following the 480 nm flash
the ground state of NI- is depleted, as indicated by the bleach
at 605 nm. Transient kinetics probed at 605 nm show that the
depletion of ground state NI- following the 480 nm pulse occurs
within the 180 fs instrument function and remains effectively
constant on this time scale withτ > 100 ps, while the appearance
of the stimulated emission from1*ANI -NI probed at 520 nm
occurs withτ ) 3.0 ps. The stimulated emission from1*ANI -
NI decays with a 1.4 ns time constant, which is identical to the
time constant for the formation of ANI+-NI- in the one pulse
experiment. The data are consistent with *NI- within ANI+-
*NI - donating an electron to ANI+ to yield 1*ANI -NI with a
quantum yield near unity. Thus, the second photon rapidly
switches the charge-separated state back to the initially formed
locally excited state on ANI withτ ) 3.0 ps.
Attachment of the PI acceptor to ANI-NI in compound2

results in a somewhat faster electron transfer from1*ANI to
NI, τ ) 420 ps, that occurs with a 0.95 quantum yield and a
correspondingly faster charge recombination,τ ) 20 ns. This
is due to the fact that NI is easier to reduce when it is coupled
by a N-N bond to PI as in2 in contrast to having one end
terminated by an alkyl group as in1.23 The optical absorption
spectrum of PI- has a strong band at 710 nm, while that of
NI- at this wavelength is substantially weaker.23,24,30 There is
no evidence for “uphill” electron transfer from NI- to PI within
2, following single-pulse excitation at 416 nm and probing at
710 nm. However, a second pump pulse at 480 nm can provide
the necessary energy to move the electron from NI- to PI in

compound2. By design, the electronic coupling between the
states of NI and PI should be greater than that between the states
of ANI and NI because NI and PI lack the phenyl spacer
between them. In2, the excitation of ANI at 416 nm results in
the formation of ANI+-NI--PI. Three nanoseconds later,
*NI - is populated with the 480 nm pulse. Figure 3 compares
the two-pump transient absorption spectra of1 and2measured
800 fs after the application of the 480 nm pump pulse. The
710 nm absorption of PI- is clearly evident in the transient
spectrum of2, while the stimulated emission feature at 520 nm
is comparable for1 and2. The inset to Figure 3 shows the
transient absorption kinetics at 710 nm for both1 and2. The
small negative absorption change at this wavelength for1 is
contrasted by the large positive absorption change for2
indicating that electron transfer occurs from *NI- to PI with τ
) 400 fs, while the return electron transfer from PI- to NI
occurs withτ ) 600 fs. Thus, the rate of electron transfer from
*NI - to PI is eight times faster than that from *NI- to ANI+

with a quantum yield of 0.88. Given the 0.95 quantum yield
for the formation of ANI+-NI--PI, the overall quantum yield
for two-pulse formation of ANI+-NI-PI- is 0.84. With
reference to Figure 1, although the free energy for electron
transfer from *NI- to ANI+ is about the same as that from *NI-

to PI, the larger rate constant for electron transfer from *NI-

to PI can most likely be attributed to the increased electronic
coupling between *NI- and PI provided by the single N-N
bond between them. These experiments show that it is possible
to control the movement of electrons within a multisite donor-
acceptor array on a femtosecond time scale. These studies can
also give us insights into how molecular structure dictates
electronic coupling in open shell donor-acceptor molecules.
Optimization of the electronic coupling and free energies of
reaction between these simple components may lead to molec-
ular arrays that can provide a basis for the design of molecular
electronic devices.
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Figure 2. Two-pulse transient absorption spectrum of1 in toluene.
Inset: One-pulse transient absorption spectrum of1 in toluene.

Figure 3. Two-pulse transient absorption spectra of1 and2 in toluene.
Inset: Transient absorption kinetics of1 and2 in toluene following
two-pulse excitation.
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