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1 INTRODUCTION

Several principal directions in the theory of coherence and incoherence effects
in the exciton transfer in molecular aggregate* have been followed.

The Stochastic Liouville Equation (SLE) method has been welt deve-
loped by Haken, Strobl and Reineker * . The microscopic treatment of the
exciton-phonon interaction was given by Silbey and coworkers 7. The Genera-
lized Master Equation (GME) method has been used by Kenkre et al..3

The system we address is a molecular aggregate in which guest molecules
(i.e. traps) are introduced, let us say, interstitially. The experiments we are
interested in here create excitons in the host system through illumination,
an appropriate frequency range being chosen to ensure that only the host is
excited. The excitons decay radiatively and &1BO move within the host. If they
arrive within the sphere of influence of the traps, they may be captured. If
they are captured, they later decay radiatively in a different frequency range.

In trapless host noninteracting excitons may be taken to move in accor-
dance with the Generalized Master Equation3

dPm{t)idt = - r)Pn{r))dT (1.1)
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for the probability Pm(t) that exciton occupies site m at time t. The memory
functions wmn(t) should describe the dynamics of the system. We are not
interested now in a proper form of the memory functions, which takes into
account the exciton interaction with a bath (phonons). We will concentrate on
purely coherent exciton transfer.

To take into account an effect of the trap on exciton dynamics, Kenkre
suggested 3 so called "sink" model. In the simpler version of this model the
exciton probability decays to the trap at constant rate 27 whenever the exciton
occupies a site influenced by the trap. Kenkre suggested3'* to append to (1.1)
a sink term

(1.2)

* Permanent address: Institute of Physics of Charles University, Ke Karlovu 5, 121 16 Prague,
Czechoslovakia.

where the summation extends only over the sites a influenced by a trap.
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Capek and Szocs turned* the attention to the fact, that (1.1) together
with (1.2) could not give a guarantee, that occupation probabilities Pm{t) > 0.
Using a simple example of dimer they stressed the necessity of some transfor-
mation of wm n(0 'n (I-1) to take into account the presence of the sink (1.2).
The simplest and natural generalization of their result would be a prescription
to multiply memory functions wm,(t) or wm{t) in (1.1) by a prefactor e"1 '.

We generalized6 our direct method for calculation of coherent memory
functions of finite systems. The influence of the sink on memory functions
connecting different sites of the finite system is more complex. In a trimer
with a sink appended at one end {s = 3) and for a large trapping rate 7, the
rest (dimer) is decoupled not only in the sense, that exciton moves entirely in
the dimer avoiding the place influenced by the sink, what could be understood
due to the introduction of the prefactor e"7 ' into wa{t) and w^t), but also
that the memory function wi2(t) transforms entirely to that for the dimer.

The aim of our short letter is to demonstrate behaviour of trimer me-
mory functions with the sink in the center by calculations of which the whole
dynamics of the system - coherent transfer, capture of the excitation by the
sink and finite life time effects in the host were taken into account. We have
chosen the simple example of the trimer ( method and results being simply
extendable to more complex systems) to present the analytical solution, which
is obtainable also by the use of program package Mathematical

2 METHOD

In general, the density operator p satisfies the Liouville-von Neumann equation

idp/dt = Lp. (2.1)

Here, L is the Liouville superoperator and ft = 1.
One can use the Nakajima-Zwanzig equation for the projection on a

relevant part of the density operator

Bt
= -iDLpD(t) - [' dTDWiTQLQLDpD(i - T), (2.2)

Jo

The kernel of the integral is the so called (superoperator) memory fun-
ction (MF). The initial term is omitted, the proper chosen initial conditions
are supposed.

Having chosen a proper diagonalizing form of D, the matrix elements of
the operator po = Dp become site occupation probabilities and the elements
of superoperator MF are the memory functions in the common sense. The
formalism of the projection superoperator D employed in the derivation of
(2.2) from (2.1) enables us to follow the site occupation probability and thus
the exciton migration. Although it involves generally the influence of phonons
or another bath we are now dealing only with the pure coherent transfer.

As only the positive time is used in (2.2), we complete the definition of
the MF in the following manner

u>{t) = -S{t)DLe-iiC'lQLD> (2-3)

where 6{t) is the (Heaviside) step function. Thus we 'are able to define the
Fourier transformation of (2.3)

>(*)= /+™w{t)e"'dt,\mz > 0,
J

(2.4)

which may be analytically continued to the lower halfplane

w{z) = -iDL{Q{z - L)Q)-lLD. (2.5)

In absence of phonons ( or other kind of a bath) we take the following
form of D

(2.6)



where

\m) is the complete orthonormal set of Wannier-like functions,
m = 1,2,..., N is the site index.
Let us concentrate our attention on finite systems with Hamiltonian H

which includes finite life time effects

Ha = u + iTit (2.7)

Hih = H*u = Jik for i / k.

The matrix Q(z — L)Q which is to be inverted is a four-index quantity

(tetradix). Owing to properties of Q, we need only off-diagonal elements of the

Hermitian tetradix

(2.8)

where t] / ia as well as hi ^ kj. For every such a pair of combinations of

indices ii / ii,»i,«j = 1,.., JV it is worth introducing a single index

Let us denote the lower (upper) half of the set 1,2,....,JV(JV - 1) by

GL{Gu), i.e.

To pairs (»i»j) with »j < tj we ascribe the values of I from GL in an
arbitrary manner. For pairs with »i > »j we assume I from Gu ascribed in such
a way that

(2.9)

/ € Gv, (l - h) e GL,/O =

Taking into account

(2.10)

we have

-1O)T for (2.11)

and

CT(/, If) = -(cr(7 - /„, JST + /o))' for IeGUtK€ GL. (2.12)

We can draw the conclusion that for our Hamiltonian H the whole a
matrix may be writen in the block diagonal form

<T =
ap TP

(2.13)

where for I,K£GL and TP(I, K) = a{I, K) for 7e

3 RESULTS

We have calculated the coherent memory functions (2.5) for trimer the center

of which is influenced by a sink (7) and we have investigated consequences of

the fact that the exctitation is destroyed also in the rest of the system (17).

The Hamiltonian reads



(2.14)

We have chosen J as energy unit and 1/J as time unit.
We have used the program package Mathematica7 for direct inversion of

Q{z - L)Q matrix in (2.5). The Fourier picture of the memory function reads

»(*) = ~2e + e3 ~ 2U

where

and

(2t - 2ie3 + 2e/c 2ie2 - 2e« -2i ^
2»e2 - 2e« -He2 + 4e« 2«es - 2e«

y -2« 2ies - 2e« 2t - 2teJ -f 2e« ,

e = z + 2iv

{2.15}

= 7 - JJ.

Inverse Fourier transformation gives

(2.16)

Numerical results are displayed in Figsl. and 2.

4 CONCLUSIONS.

As stated in the Introduction, this paper addresses a specific problem in the
exciton transfer in molecular aggregates, namely the influence of the finite life
time effects, on the memory functions entering GME which connect different
sites of the system.

Inclusion of the finite life time effects in the description of the excitation
transfer could require 5'6 more pronounced modification of Generalized Master
Equation (1.1) then suggested by Kenkre3'4. One should generally not only
append the terms like (1.2) . One has to use the proper form of the memory
functions wmn(t)t by the calculation of which the finite life time effects were
taken into account.

The transformation of the memory functions wmn(t) which takes into
account the finite life time effects could not be generally expressed 6 by the
help of an exponentially damped prefactor5. The analytical form of memory
functions is changed pronouncedly, as shown in (2,17).

Raising 7 and t) coherent memory functions are generally loosing their
periodic character and memory effects are retained for shorter times.

We have chosen the simple example of the trimer ( method and results
being simply extendable to more complex systems) to present the analytical
solution, which is obtainable also by the use of program package Mathematical
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References

1 P. Reineker, in Bxciton Dynamics in Molecular Crystals and Aggrega-

tes, Springer Tracts in Modern Physics 94 (Springer Verlag, Berlin, 1982).
2 R. Silbey, Annu. Rev. Phys. Chem. 27, 203 (1976).
3 V. M. Kenkre, in 3.
4 V. M. Kenkre, Phys. Rev. B 23, 3748 (1981).
6 V. Capek, V. Szocs, Phys. Stat. Sol. (b) 125, K137 (1984),
B P. Herman, I. Barvik, Phys. Rev. B 45, 1 February 1992.
7 S. Wolfram, Mathematica, 1988, Addison-Wesely.

FIGURE CAPTIONS

Fig.l: Dependence of memory functions tu13(t) on « for
a) r, = 0.,

b) T) = 0.1 and

c) T) = 0.3.

Fig.2: Dependence of memory functions to^ t ) on K for
a) n = 0.,
b) 7j = 0.1 and
c) ij = 0.3.
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