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Molecular systems that contain multiple electron or energy Co
donor-acceptor pairs have been studied with regard to their Probe | | l | |
potential as optically controlled switches and gdtés. The Pulse . @
ultimate goal of these studies is to pl’OdUCE molecule-sized Figure 1. Timing diagram for the two pump puls®ne probe pulse
optoelectronic devices that are energy efficient and function at experiments shown in Figure 2. For the experiments shown in Figure 3,
higher speeds than devices currently in use. In this paper wepump 2 occurs before pump 1.
report on a complex electron donegicceptor molecule of the
type Di—A1—A,—D;, 1, in which formation of either B"'—A;~ possess lowest excited singlet state energies of 1.90 and 2.05 eV,
or A,;"—D," is completely inhibited by the presence of an electric respectivelyt* D, can be selectively excited with 645 nm laser
field produced on a picosecond time scale by photogeneration of pylses to generate;D—A;~. Since the extinction coefficient of
the adjacent radical ion pair. In molecule the two donor- the porphyrin donor Pat 420 nm is about 25 times greater than

that of Dy at 420 nm, and since energy transfer fréi, to D,

is precluded by the rapid rate of electron transfer fréBy, to
dé 1 A,, 420 nm laser pulses can be used to selectively produte D
g A,~. The radical anion spectra of 1,4:5,8-naphthalenediimide,
& o 3 8 A, and pyromellitimide, A, possess sharp, easily distinguished
© 8’8 _::84@2:@:‘1" O @ features at 475 nih and 720 nni? respectively, that do not
g ° overlap and do not absorb significantly at 420 and 645 nm. The
energy levels of B"'—A;~ and A~—D," for 1 in toluene are
approximately 1.7 and 1.9 eV, respectively, as determined from

the sum of the one-electron redox potentials for formation of the
individual ions in butyronitrile corrected for Coulombic interac-
tions and ion solvation energy differences between the two
solvents using methods given in earlier wétk! Thus, AGcs

for charge separation is abou0.20 eV for Dt—A;~ and—0.15

eV for A,——D,*.

One and two pump pulse transient spectra and kinetics of
and the reference dyads were measured in toluene using an
amplified Ti:sapphire laser system, which produces a 130 fs, 420
nm, 2uJ pump pulse as well as a second, tunable &M nm,

150 fs, 300 nJ pump pulse along with a white light continuum

D, A, A; D,

acceptor dyads D-A; and A—D; are linked together using a
dimethylphenyl group between the acceptors to give-®—
A,—D,.13 Two reference dyads £-A;—dmb and dmb-A,—D,
(dmb = 2,5-dimethylbenzene) (not shown) were also synthe-
sized?!®

Observation of the electric field induced switching effect
requires optimization of both the photophysical and redox
properties of the B-A;—A,—D, array. Donors B and D,
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660 680 700 720 740 760 780 Figure 3. One and two pump pulse transient absorption spectra of 25
’y (nm) uM 1 in toluene at 100 ps. The wavelengths, timing, and repetition

frequencies of the pump pulses are given in the figure legend.
Figure 2. One and two pump pulse transient absorption spectra of 25
uM 1 in toluene at 100 ps. The wavelengths, timing, and repetition
frequencies of the pump pulses are given in the figure legend.

magnitude of the A signal detected at 725 nm in this difference
spectrum shows that 11% of the total concentratiorl afas
inhibited from forming A~—D," by the initial formation of @*—
A1 in 11% vyield?® Thus, A~—D," formation within1 in the
presence of preformed;D—-A;~ is completely inhibited.

Figure 3 shows the corresponding effect of the initial formation
of A,~—Dy" within 1 on the subsequent formation of D-A;".
In this case, the one pump pulse transient absorption spectrum
of 1 observed 50 ps after a 645 nm laser flast &t O ps is

tion of the ion pair generated later by pump 2, then the absorption
changes induced by pump 2 will be the same for every pump 2
pulse and, thus, will not contribute A measured ab/2. On

the other hand, if the ion pair initially produced by pump 1 does

perturb the concentration of ion pairs produced later by pump 2,

then theAA measured at/2 will contain a contribution from . . .
the absorption change due to this perturbation. compared with the two pump pulse spectrum in which a 420 nm

: A - : laser flash occurs first at+ —50 ps and is followed by a 645
anﬁegitxle_%ﬁgayi%ﬁ]dzf 8?}2?45\”?? TI?Sse:r %uf%ssmwbh?g;] nm laser flash that occurs ai= 0 ps. Att = 0, which is 50 ps
decays to —A; with 7cg = 107 ps, while seleétive éxcitation _foIIowmg the 420 nm flash, the populatl_on QEA_D'j W't.h'n 1 .
of D, with 420 nm laser pulses in bothand dmb-A,—D, yields is 51%. The two pump pulse speptrum in Figure 3 Obtf""n.Ed using
A,—D,* with 7cs = 27 ps, which decays toA D, with 7eg = the syn_chronous chopping te(_:hnl_que shc_st that excitation of D
186 ps® There is no evidence for electron transfer across the €SUlts in about a 50% reduction in the yield of BAL™ within
2,5-dimethylphenyl spacer it from either A~ to A, or A;” to 1 due to the initial 51% formation of A—D,"."> Thi rgsqlts
A:. In each case the electron-transfer kinetics were determineditronglyI St“?g?srf_g?ft gle_p/);e_s?nce c;f preformed-Ad," within
by monitoring the intense absorption signals of the radical anions. completely Innibrts 1 formation.

On the basis of the 2BM sample concentration, the extinction Cqmplete inhibition of electron transfer within e_ach pair
coefficients for A~ (ears = 28 300 M cm-Y) ana A (€720 = requires that the change in free energy due to formation of each

36000 M cm?) and the measured\A changes for the dipolle, whether it be D—Al‘.or A, =Dyt is sufficiently large
production of both B'—A; —A,—D; and D—A;—A, —D', 10 ialse Ihe energy of the adjacent donacceptor pai substan-
pumpingl with 645 nm, 300 nJ pulses produces an 11% yield lally. "Using the calculated charge distributions withi 1

A A ; ; - and A~ —D,*” the presence of each ion pair should make the
g:cl))dlu ce'?\sla 5/;?,/0 Bfel\éVholLegUAT_pEgl_V\gt; 41'32 0 nm, 2uJ pulses AGcs for the adjacent pair more positive by about 0.2 eV. Thus,

. Nl a2 -
Figure 2 shows the transient absorption spectruthaifserved given thf fgqt thal\Ges is —0.2 for D Ay and 0.15ev for

100 ps after the arrival of a single 645 nm pulse at 0 that Az —D;", it is reasonable that turning on one ion pair should

produces D'—A; —A,—D, and the corresponding spectrum inhibit subsequent formation of the second adjacent ion pair. These

using the synchronous chopping technique outlined above in results suggest that rapid photonic contrpl of ion pair. state
which the 645 nm pulse at= 0 is followed by a 420 nm pulse populations using photogenerated electric fields can provide the

att = 10 ps. The fact that these two spectra are different shows basis for a molecular switch.
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A;—dmb in tetrahydrofuran yieldes = 2.5 ps andreg = 2.7 ps for D—Ay of 1 and the corresponding reference molecules, as well as the calculation
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1 in tetrahydrofuran, presumably due to the screening effect of the polar
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