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Abstract

The quantum master equation approach involving weak exciton—phonon coupling has been applied to the investigation of the exciton recurrenc
motion in molecular aggregate models with dendritic structures. Each monomer in the models is assumed to be a dipole unit (a two-state monome
coupled with each other by the dipole—dipole interaction. Two types of the dendritic molecular aggregates, which have mutually differemgteracti
through the branching points, are examined. A generation of one-exciton states by an electric field and its subsequent exciton dynamics with ar
without relaxation terms have been investigated. It is found that the configuration of each dipole unit significantly affects the coherent motions of
the exciton population. We also suggest the possibility of controlling the coherent exciton motions by tuning the frequency of an external electric
field.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Hochstrasser and co-workef8,10] have investigated the
coherent excitation energy transfer between two-identical chro-
Energy transfer is one of the most fundamental processesophores (2,2binaphthyl, BN) in solution, and have found a
in chemistry. Dendrimers with fractal dimensions are known todamped oscillation corresponding to exciton recurrence associ-
show the efficient excitation energy transfer from the external tated with the interaction energy\ 41 cntt) and the dephas-
the central regiongl—3]. Such molecules have ordered geome-ing time (73) of 0.2 ps. Wynne and Hochstras§gt] have pre-
tries and well-directed energy gradients between the peripheraknted a theoretical framework for the coherent energy transfer
and the core regions. It has also revealed that the relaxatidn solution and have applied it to the analysis of their experi-
effectis important for the directional energy migration, i.e. pop-ments.
ulation relaxatiori4,5]. Because the population relaxation also  Yamazaki et al. have investigated the intramolecular energy
contributes to the phase relaxation, such energy migration is anansfer of various anthracene dimers, e.g. dianthrylbenzene
incoherent process. Recently, coherent processes have attrac(Bd\B) and dithiaanthracenophane (DTA) groupsg( 1), in
much attention in relation to developments of quantum molecsolution[12-14]} The fluorescence anisotropy decay of these
ular deviceg6-8] by the use of spin and pseudo spins, suchmolecules displays the oscillatory behavior originated from the
as exciton. For example, coherent superposition of the excitegtcurrence motion of an excitation between two anthracenes.
states generated by optical method causes a recurrence motibhis suggests that the intramolecular energy transfer proceeds
of the excitation between constituent units in molecular systems.oherently in these systems. Generally, it is very difficult to
observe such oscillatory signals because of the rapid dephasing
by solvent molecules and of the difficulty in detecting the fluo-
rescence signals from a mate of the dimer selectively. Yamazaki
* Corresponding author. Tel.: +81 6 6850 5405; fax: +81 6 68505550, et al. have concluded that the relatively rigid molecular struc-
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Fig. 1. Molecular structures of (a) DTA and (b) DAB.

beat of fluorescence anisotropy decay. They have pointed out
that the longer dephasing time in DTA (1.0 ps) can be explained
by the less flexible and more rigid conformation than that in BN
(0.2 ps).
Previously, we have performed theoretical investigations of
energy migration in dendrimers on the basis of the quantum
master equatiofl5,16] As a continuation of previous work, we
here focus on the coherent process, such as recurrence motion (©
of excitons in dendritic sys_tems using two types of rn()k-:‘cl'”arFi 2. Structures and labeling of the models used in this paper: (a) dimer model,
aggregate structures. One is an aggregate modeled after the IF&)%'dendritic model | and (c) dendritic model Il. Each two-state monomer dipole

extended phgnylat_:etylene dendrimirs3] (SegFig-.Zb)_:.Wh”? unit is represented by an arrow. For the dendritic models | and Il, the angle
the other one is a different aggregate model with significant intersetween neighboring linear legs at all branching points is assumed to be 120

actions between neighboring monomers through the branching
points (sed-ig. 2c). Such difference in modeling is expected to Hamiltonian for the aggregate system is expressed by
cause variations in the energetics and also the coherent dynamics v N
of exciton population. A possibility of controlling the coherent R | "
Pop P 4 9 Hs = Y Eili)lil + 5> Iyl . (1)
i

exciton motions by tuning the frequency of an external field is

also examined. Implications of the computational results are dis- i
cussed in relation to importance of aggregate structures for lesghere
decoherence rule. 1
J,'j = 7#,’/1./{0056” - jS) - 3C0591j COS@ji}. (2)

3
2. Methods 47T80Rij

Here, |i) is the aggregate basis, which means that itle
2.1. Model Hamiltonians monomer is excited, an®;; is the intermolecular distance
) between- and;-th monomersy;,(¢;,) is the angle between the
We consider molecular aggregate systems composed of Wetipole moment of(j)-th monomer and the vector drawn from
state monomergi} with the excitation energ{E;} and the  ;th monomer tg-th monomer.
dipole moment{x;} (i=1, 2,..., N; N is the number of In the one-exciton approximation, aggregate system is
monomers). Interactions betweénand j-th monomers are described in the eigenstatésy)} with energies{w;}. We

assumed to be represented by the dipole—dipole interagfion obtain|v) andwy by solving the following eigenvalue equation
This approximation is considered to be valid when the inter-

molecular distance® is larger than the size of a monomer. The Hs|¥k) = wi|Vi), 3)
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