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ABSTRACT

The excitation energy transfer between molecules in a dimer is investigated using a
model, in which the influence of the phonons is described by a dichotomic stochastic
process with colored noise giving rise to modulations of the molecular excitation energies.
The solution of equations of motion for the density matrix of the system ( obtained
algebraically on a computer) is used to determine (also algebraically) the form of the
memory functions which enter the Generalized Master Equation. The behaviour of the
roots and their weights in the memory function is discussed thoroughly. Connection of
the so called coherence time to stochastic parameters is treated analytically. Different
limiting cases are investigated.
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1 Introduction
The dynamics of electronic excitations in molecular aggregates is of impor-
tance in such phenomena as exciton transport in molecular crystals, sensitized
luminescence, formation of excimers, energy transfer in antenna systems and
to reaction centers in photosynthetic units, etc. In these phenomena both
the electronic interaction between neighboring molecules and the interaction
between electronic and vibrational degrees of freedom axe essential.

It has been an open question for a long time whether excitons in molecu-
lar aggregates move incoherently or coherently. In the pure incoherent exciton
transfer the exciton motion is assumed to occur via a hopping process and is
described mathematically by the Pauli Master equation. In the pure coher-
ent case the exciton motion can be described by solutions of the Schrodinger
equation, without any interaction with a bath.

Several principal directions in the theory of the exciton transfer in molec-
ular aggrega tes have been followed:

The Stochastic Liouville Equation (SLE) method, describing both limit-
ing cases but approximativelly also the whole range in between, has been well
developed by Haken, Strobl and Reineker [1-3]. In this method the electronic
degrees of freedom are treated quantum mechanically, whereas the influence of
the lattice dynamics is taken into account in a stochastic manner using white
noise.

The second approach to describe the coupled coherent and incoherent
exciton motion has used the Nakajima-Zwanzig generalized master equation
(GME). In this integrodifferential equation the transition from the purely co-
herent to the purely incoherent regime of the exciton transfer appears in the
time dependence of the integral kernel, i.e. of the memory functions (MFs),
which is of non Markovian nature [4-5]. The inverse of the time decay con-
stant, the so called coherence time, gives the time interval in which the exciton
transfer could be taken as coherent.

Let us specify more precisely the theories we are dealing with.

1.1 Stochastic methods

The stochastic approach describes the influence of the phonons (bath) by a

stochastic process with prescribed properties [3]. In this description the Hamil-

tonian consists of a time independent and a stochastically time dependent part:

'Permanent address: Institute of Physics, Charles University, Ke Karlovu 5, 121-16
Prague, Czech Republic.



(1)

The Hamiltonian

(2)

describes the purely coherent exciton transfer along molecules with the same
energy e while the Hamiltonian

(3)

models the influence of the phonons via fluctuations of the local excitoii ener-
gies (hmm(t)) as well as of the transfer integrals (Amn(i)). In (l)-(3) a+ and
am are creation and annihilation operators for an excitation at site m, e. is the
local excitation energy and Jmn the electronic transfer matrix element between
sites m and n.

1.1.1 Stochastic equations with white noise

In [3] it is assumed that the fluctuations are described by a ^-correlated Gaus-
sian Markov process with vanishing mean value (Haken-Strobl model) :

(hmn(t)) = 0 (4)

V(f)) = 2\{m,n,m',n')6[t-t') (5)

with

A{m, n, m', ri) = 7|m-n|6mn'*7,m' + J\m~n\6mm'Snn'(l - Smn) . (C)

Many results of this treatment for bare exciton, which covers the whole regime
between the limiting cases of purely coherent and purely incoherent motion
are summarized in [3].

Some limitations of such a treatment have been pointed out in the past.
It is argued [6] that the Haken-Strobl stochastic model retains its physical
validity in narrow band systems and when the temperature is high compared
to the Debye temperature and the temperature associated with the band width.

It was shown that it is possible to derive from microscopical Hamiltonian
the cqautions for the density matrix elements which have after Markovian ap-
proximation the form of SLE and interpolate using the partial dressing picture
between bare exciton and full dressed polaron representations. Microscopic
expressions for local and nonlocal Haken-Strobl parameters y are given in [5].
Using linear and local interaction with phonons in the exciton Hamiltonian, we
have conluded that in our approximation only local parametr j 0 in nonzero for
bare exciton, while contrary only parameter 71 is nonzero for exciton polaron.

1.1.2 Stochastic equat ion with dichotomic cokmred noise

To overcome one of the simplifying assumptions of the Haken-Strobl model
[7,8], namely the white noise treatment of the stochastic process resulting in
the S- shaped correlation function, the model was generalized by replacing the
5- correlated process by one with exponentially decaying correlation functions
[9j. Mean values and correlation functions are given by

M*)> = 0,

= <5mnA
2exp{-A(t - r)) , (8)

= 0,

mAr)A5 exp(- \ j( t -T)). (10)

The model generalized in this way is on the one hand much richer but
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on the other hand also considerably more complicated.
Especially for dichotomic stochastic processes, A and Aj are the am-

plitudes of the local energy and transfer integral fluctuations, and A and Xj
describe the average rates of the switchover between the two values. Multi-
time correlation functions of energy fluctuations at a site are, for instance,
calculated according to the following rule:

= 0, (11)

(12)

U > > t2(I.

The white noise limit could be obtained in a following way. Integrating
(8) and (10J with respect to t, one can see that the limit has to be carried out
in the following way: A —> oo, A —* oo such that A2/A = fa remains finite
Xj —> oo, Aj —> oo such that A J / A J = 70 remains finite,

1.2 Generalized Master Equation method - GME

In the GME treatment of the exciton transfer one uses the Nakajima-Zwanzig
identity [4] for the projection on a relevant part of the whole density matrix
operator

dppjt)
8t

= -iDLpD{i) - f dTDLe-iTQLQLDpD(t - T), (13)

Q = 1 — D and D are projection operators.
The kernel of the integral is the so called (superoperator) memory func-

tion (MF). The term containing the initial condition is omitted, property cho-
sen initial conditions are supposed.

Having chosen a proper diagonalizing form of the projection operator
D, the matrix elements of the operator pp — Dp are site occupation prob-
abilities and the elements of superoperator MF are the memory functions in

the common sense. The projection superoperator formalism employed in the

derivation of (13) enables us to follow the time dependence of the site occupa-

tion probabilities Pm(t) and thus the exciton migration. We get

dPm{t)/dt = £ f\™™(t - r)Pn(r) - wnm(t - T)Pm(r))dT {14}

The memory functions wmn{i) should describe the dynamics of the system. The
main problem consists in determing a proper form for the memory functions,
which takes into acount the interaction of the exciton with a bath (phonons).

Reineker and Kiine have derived [3] the memory functions entering the
Generalized Master Equations corresponding to the Stochastic Liouville Equa-
tions. They have a two-channel form. The first channel describes the quasi-
coherent exciton transfer while the second one describes incoherent hops. The
time damping constant of the first (coherent) channel is directly connected to
parameters governing the second (incoherent) channel.

Capek and Barvik derived [5] the memory functions entering the GME
in a bare and a polaron exciton representation. They extend former results of
Kenkre and Rahman [4]. The obtained memory functions wmn(t) have a two-
channel form, in accordance with the form of Grover Silbey (after a Markovian
transformation) and of the SLB theories. One channel corresponds to the qua-
sicoherent motion of the bare or polaron exciton (with reduced width of its
band respectively) and the second one corresponds to incoherent (phonon as-
sisted) hopping. Application of the "partially dressed exciton picture" allowed
recently [5] to interpolate, after Markovian approximation, for a local and lin-
ear exciton-phonon interaction, between the Grover and Silbey equations for
the exciton polaron [10] and stochastic Liouville equations for bare excitons. in
the Haken-Strobl-Reineker parametrization [3]. Microscopic meaning of phe-
nomenological parameters 7 entering the equations for density matrix in the
form of Stochastic Liouville equations was given. One can then use Reineker's
prescription and obtain the memory functions in whole regime between bare
exciton and polaron exciton.

1.3 Dimer

In what follows we will be dealing with the simplest model namely dimer.
We would like to use up analytical results obtained recently by application of



coloured noise approximation to general problems - exciton transport (time de-
velopment of the site occupation probabilities) and exciton optical line shapes
[11].

Let us summarize the results of the SLE and GME methods for the sym-
metric dimer. In the SLE treatment (thoroughly given in [3]) one desitinguish
between the coherent and incoherent exciton transfer regime according to the
form of the time dependence of the occupation probabilities P*(t). Exciting
at t = 0 oniy one molecule, the time development in the incoherent exciton
transfer regime leads without oscilations to the equal site occupation proba-
bilities for long times. Contrary, the time development of the site occupation
probabilities in the coherent exciton transfer regime has oscillatory character.
In the SLE treatment presence of nonzero parameter 71 leads to the partially
incoherent transfer by incoherent hopps. The importance of the coherent chan-
nel is lowered. Taking in to account only 70 nonzero (local and linear exciton
phonon interaction in the bare exciton picture) the transition from the co-
herent to the incoherent transfer regime takes place for large 70. The time
dependence of the site occupation probabilities P,(t) looses its (exponentially
damped) oscillatory character. On the other hand, in the GME treatment, the
corresponding memory function (in the SLE approximation with fi = 0) vu^ii)
changes its form from the constant in the purely coherent transfer regime to
the strongly damped exponential function

wu(t) = (15)

No oscillatory behaviour of the memory function can be recog-

nized.
Warns and Reineker have in recent years thoroughly investigated [12]

the bare exciton transfer in symmetric dimer with local energy fluctuations.
The application of the dichotomic colored noise model allowed the exact cal-
culation of the transport properties (time development of the site ocouation
probabilities) and of the optical absorption tine shapes. The results were first
obtained numerically and just recently analytically [12] using the computer
algebra package MAPLE [13].

The time dependence of the dimer density matrix, from which the time
development of the site occupation probabilities could be obtained is given
in the stochastic treatment with dichotomic noise [12] (we shail use the same
notation) by 16 eigenvalues Rsi and corresponding eigenvectors of a closed

coupled system of linear equations for several correlation functions.
A closer inspection of the structure of the eigenvectors revealed [12] that

Pi(t), the probability of finding the excitation at the first molecule, is only
determined by the eigenvalues R,u Ra3, which are purely real, and by Rsli

... /fsi6, which may be real or complex depending on the magnitudes of the
scaled units A., = A/2J and As = A/2J. Fig. 1 shows the areas in the A;1--
A~2 plane, where four, two and none of the four eigenvalues Ran ... i?3i6 are
complex (indicated by the numbers in the brackets).

With the notation y = A"1, x = A~2, which we shall use in our further
investigation, the separation of the four areas in the (x-y) pSane is given by
the curves

V = z (16)

y = (17)

y=
v/2 - 1 -

7Z
(18)

Warns and Reineker concluded [12] that one should expect two regimes

of coherent motion, in which the time dependence of the site occupation prob-

abilities is given by exponentially damped oscillations; area I for small values

of As, corresponding to the (quasi-) static case, and area IV for large values of

A.,, corresponding to the case of fast fluctuations.

Warns and Reineker obtained also analytical results for the optical line
shapes of dimer with fluctuations of the local energies with dichotomic noise
and used them [12] to draw some correlation between the exciton transport
regime and corresponding optical lineshapes. An oscillatory behavior of the
occupation probabilities takes place when the optical line shape is narrow both
in the inhomogeneous (slow modulation) and homogeneous (fast modulation)
limits. When the full halfwidth of the line is greater than 4,7 (in the scaled units
used in [12]) this corresponds to a halfwidth of 2), the occupation probability



decays without oscillations to the stationary value.

1.4 Problem specification

We shall concentrate on the interesting question, which memory function form
would correspond to the exciton transfer in a dimer under the dichotomic
coloured noise.

In this paper, instead of deriving the memory functions for dimers from
the microscopical Hamiltonian using the Nakajima-Zwanzig identity, we use
the above mentioned analytical solution for the time development of the site
occupation probabilities Pi(t) in deriving wmn{t) directly from the Generalized
Master Equation. The initial condition is the same.

The paper is set out as follows. The dimer memory functions are derived
in the next section. The results are presented and several different limiting
cases are discussed in Sec. 3.

2 MFs for a dimer with dichotomic noise

2.1 Mathematical solution
The Laplace transform of the Generalized Master Equation (14) reads:

* A.W - Pm(t = 0) = E [wmn{s)Pn(s) - wnm(s)Pm(s) (19)

Without any trapping process and assuming that both local excitation energies

fi are zero the following equality holds

We then arrive at

sP1(s)-l

sP2(s)

i"™(s) = ''

= -U>l2i

= - * s i (

Wmn(s)

»[AW
'«) AW

-AW]
- AW

(20)

(21)

(22)

To obtain Wu{s} we use the analytical expressions [12] for the time deve-

lopment of the site occupation probabilities Pi(t) and P-2{t) in their Laplace

picture:

A W = (23)

/> + 5sJA + (4 A2 + 6 J2 + 8 A2) s3 + (12 A2A + 4 A3 + 14 A J 2 ) s 3

.s (« - R]3) (s - Ru) (s - tf15) (s - «i0)

(8 J4 + 12 J2A2 + 16 A2J2 + 8 A2A2) a + 8 J4A + 8 A3J2

and

AW =

with:

s (s - Rl3) (s - Ru) {.i - - Ri6)

A + V *2 - 4 J 2

A - \/A'J - 4 J 2

A + \ /A 2 - 4 P

- 2 A 2 + 2V

^2A 2 + 2V

- 2 A 2 - 2 V

'A'»-4A2J2

'A4-4A2J2

'A4-4A2J2

-*+- A ~" 4 J2 - 2 A2 - 2 V A4 - 4 A2 f1

(24)

Solving Eq. (21) or (22) yields :

W12W = 1&21W = (25)

+ 5 A s3 -+ (4 J1 + 8 A2 + 4 A2) s2 + (12 A2A + 4 A3 + 4 J2A) s + 8 A2A2 + 8 A2J2
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The time development of the memory function is obtained by performing the
inverse Laplace transformation:

wl2(t) = w2i{t) = (26)

(2r,3 + 10 \r? + (4 A2 + 16 X1 + 8 J2)r, + 8 A2A + 8 A3 + 8J2\) .I2

where the T\ are the solutions of

(27)

+ (l2A2A + 4A3 + 4J 2A)r + 8A2A2 + 8A 2J 2 = 0

i.e. the zeros of the denominator of (25). One has to solve an equation of
fourth order to obtain the roots r, and the prefactors f, in (26) to describe the
time dependence of the memory function u>i2(t).

2.2 Physical characteristics

Before going into details of our calculation let us mention some physically
relevant limiting cases which can be described using the dichotomic coloured
noise.

2.2.1 Static limit

This limit is used to describe the influence of the static disorder on the exciton
transfer and the optical line shapes. It corresponds to the exciton transfer
between two molecules each of which has two states with energies +A and
— A, respectively.

11

Starting with the exciton placed initially at the first molecule, the states
with two possible energies +A and —A are occupied at t = I) with the same
probability | . Exciton by its transfer from molecule 1 to molecule 2 can use
four possible paths:

(A) two between states with the same energy: +A and —A, respectively;
(B) two between states with the opposite energies: +A on molecule 1

and —A on molecule 2, or vice versa (see [12]). The energy difference is in this
case 2A.

In the limit A —> oo, the energy mismatch 2A is too large. Mecha-
nism (D) does not contribute in this case to the exciton transfer between two
molecules.

2.2.2 Fast modulation limit, A —» oo, A finite

Fn this cast; the excitation does not succeed to follow the fluctuations. Thr
transfer regime corresponds to the exciton transfer between two molecules
with the same energies.

2.2.3 White noise limit

Let A2 —> oo and and A -+ oo in such a way that ^- = 7o is finite. This limiting
case is of great importance, because it has been often used in the past to mimic
the influence of the phonon bath on the exciton transfer. This very well known
limit corresponds to the standard Stochastic Liouville Equation thoroughly
described in [2,3].

3 Results and discussion

3.1 Numerical solution

We have solved equation (27) and obtained the exponents r, as well as the
prefactors /* using the MAPLE package for symbolic computation. We have
used the export option of the MAPLE package into FORTRAN code and
calculated numerically the r, and /; which enter the expression for the time
dependence of the memory function w12{t)- We display the results for r, and
fi on 3D plots (Fig. 2 - 5).

Both Ti(x, y) and /i(x, y) are generally complex functions of x = A j 2 =
(A/2J)~2 (axes from left to right) and of y = A71 = (A/2J)"1 (axes from
front to rear). The real and imaginary parts of the exponents rt and of the
prefactors ft are displayed separately on the vertical z axes of the figures, The

12



region in (x - y ) plane we have used in Fig. 2 -5 covers all four interesting

regions from paper [12] with the coherent and incoherent regime of the exciton

transfer. The crucial question is behaviour of the exponents r, and of the

prefactors /j in these four regions and specially near the borders given by the

curves (16,17,18) in the (x-y ) plane.

The real parts of the exponents r̂  give the decay rate - inverse of the

coherence time - in the time dependence of the memory function Wn{t). Ap-

pearence of nonzero imaginary parts could lead to the oscillatory time depen-

dence of the resulting memory function uinit).

Let us discuss shortly obtained numerical results. The real parts of the

exponents rs are smooth functions of £ and y (Fig. 2). Only exception is the

neihbourhood of the borders between the regions II and III and III and IV.

The real parts of the exponents r^ give the decay of the correspoding MF with

time. The real parts of the exponents r2 — Tt become negative and large in

the limit y —* 0. Only the exponent r\ contributes in this case to the coherent

behaviour of the MF.

The imaginary parts of the exponents r* display different behaviour of the

first two exponents r t, ri in comparison with r$ and r^ . As we have discussed

in previous section the oscillatory behaviour of the time dependence of the

occupation probabilities P,{t) is not directly connected with the oscillatory

behaviour of the corresponding MF. Without any noise, in the purely coherent

regime, the constant memory function leads to the oscillations in the time

dependence of the occupation probabilities Pi{t). The number of complex

exponents in the analytical expression for MF (Fig. 3} is different from the

number of exponents in the time development of the occupation probabilities

(Fig.l). The region in which the exponents r\ and r2 are real covers in Fig.l

the regions IV and III. The region in wich the exponents r3 and rt, are real

extends over III and II. The number of exponents with the nonzero imaginary

part is zero for III, two for IV and II and four for I.

Nevertheless, the behaviour of the exponents rt is not directly reflected

in the time dependence of the MF Wi2(t).

The important role play the weights f, of exponential contributions.

These are smooth functions in almost whole (x - y) plane. In many parts

of the (x - y) plane are some of them equal zero. Sharper dependence on x

and y can be observed near the borders between different regions I,II,III and

IV (Fig.l and 4). In many cases such behaviour leads to a S shaped behaviour

Of the MF Wmnit).
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3.2 General analytical solution

The general analytical expressions for the exponents rt are rather complicated

functions of A and A. In our analytical presentation we have chosen the pa-

rameterization A2 = 70 A, which makes the discussion of limiting cases easier.

The exponents read

24

12

5 A I^VTWa ,
12

(28)

5A
4 24

where

-15 A57o + 24 A V - 33 A37o J
2 + 16 JB +

and

P l r =

^AB7O2 + 9 6 A
S

7O"J2 - 512 70 Jw - 512 A V ^ 2 " 1024 A V - ^ - 48 A V

+182 A V , / 2 - 493 A V ^ - 808 A4
7o ./

6 + 2464 \\3J4 - 352 A V J 6
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-208 A V J2 - 1184 A2
7o J* - 48 A%> / ' - 184 A6

7o J4

and

P2 =

with

-80 A37o + 16 A
4 + 16 A2 J2 + 512 A 7o J

2 + 64 J4 + 64 A'

P3a = ^ P 7 + 8 A4 + 32 A7u i2'*

( -40 A3
7o + 32 A V + 8 X2J2 + 256 A70 J2 + 32 J4

+ (96 A2
7o - 288 A J2 - 18 A

and

(-40 A3
7o + 32 A

2
7o

2 + 8 A2 J2 + 256 A 7o J
2 + 32 J4)

+ (-96 A2
7o + 288 A J

2 + 18 A3

3.3 Analytical solution in physically interesting limits
To obtain more physical information from our general analytical solutions let
us investigate the behavior of the exponents and their prefactors in some of
the above mentioned physically relevant limiting cases.

15

3.3.1 Corrections to the white noise limit

Prom a series expansion in the variable I/A in expression (25), supposing

A —* 00 and keeping 70 still finite, we obtain

wv2{s) =
/•• (4.sr'7o + ( - 4 A 7 o + 177o2) a* + (2 A3 + 4 A2

7o - 187 o
2A + 2 8 7 o

a ) ,s3)

J'2 (12 A3
7l» + 20 A - 287o3A + 167o4) a"

J2 {32 A S 1 + 24 A y - 167o"A - 16 J2

(29)

J2 (16 A3V - 16 J ' y + 16 A27o4)

The inverse Laplace transformation gives the following time dependence of the
memory function

A2 O(A" (30)

The first part on the right side of (30) corresponds to the MF in the
standard white noise limit. Corrections (second and third term on the right
side of (30)) have different time dependence. While the second term has the
same decay constant as the standard white noise solution, the third term is
proportional to a b function. Let us investigate the behaviour of the exponents
r, and the prefactors /j near the white noise limit.

In the limit A —> 00 and keeping 70 constant, we see from the analytical
expressions for the exponents (31) and the coefficients /; (32) that only one
exponent r^ contributes to the white noise solution of the Stochastic Liouville
Equations given by Rcineker et al [3]. Finite values of A lead to a smaller



damping rate than in the white noise limit — 27o- The coherence time of this
channel is increased.

The form of the time dependence of the MF (30) corresponds to the one
which would be given by the exponents

7 " if

r3 = -2A + ^ - 3 J a

n =

and the prefactors

^ + O(A"3)

c2 =

c3 =

A2

(32)

which are obtained from expressions (28), using a similar series expansion pro-
cedure.

The standard result of the SLE treatment [3] for the quasicoherent channel
of the memory function in the case of only local energy fluctuations can be
obtain taking into account only the lowest order in I/A in the series expansion
of(25)

(33)

17

Performing limit A —» oo we obtain for the quasicoherent channel of the mem-

ory function in the case of only local energy fluctuations

w12{s) =
2J2

(34)

After the inverse Laplace transformation we get

(35)

3,3.2 Static limit, A = 0

III the case of static limit (A = 0) the exponents r ; are given as follows:

- 2 A2 + 2

r2 = - \ / - 2 J 2 - 2 Aa + 2 VJ* + A"

= - \ / - 2 J2 - 2 A2 - 2 V./4 +

Corresponding prefactors read:

h =

h =

k =

h =
J4

2

J2

2

(36)

(37)

18



From the memory function in the Laplace picture

wu(s) = (38)

the corresponding time development of the memory function is given by

Wl2(t) = (J

(39)

Without any disorder {A —* 0) the first two exponents r} and r2 go to
zero and first two corresponding prefactors /[ and fe give the proper purely
coherent MF w12(t) = 2J2. The third and the fourth prefactors are equal zero
for A = 0.

In the case of very large A(A >> J), the resulting MF could be under-
stood as a mixture of two contributions

(40)

The first one

(41)

corresponds to the exciton transfer between states with the same energies A
or —A on two molecules. The second one

(42)

corresponds to the exciton transfer in a nonsymetric dimer between states with
energy difference ±2A.

For very large A only the the exciton transfer given by w^it) sur-

19

vives [14]. The large frequency in the oscillatory time dependence of the MF
w}2(*) results in a vanishing contribution in the convolution term in (14) like
a distribution.

3.3,3 Fast modulation limit, A finite

Putting I/A = 0 in equation (25) and keeping only a few first terms in I/A
development we obtain the time dependence of the memory function

wi2(t) = 2J
,2 4 A 2 / 2 4A2,J2S{t)

4 A2 . /2 12 J 2 A '

(43)

The solution for I/A = 0, the first term on the right side of (43), corre-
sponds to the physical picture mentioned in the previous section: the exciton
does not, follow quick local energy fluctuations, the transfer takes place between
the states with the same energy. The memory function becomes W\i{t) — 2J2,
i.e. it corresponds to the purely coherent exciton transfer between unperturbed
local energies (which in our case are chosen to zero).

3.3.4 Infinite A limit (x = 0)

To complete our analysis we have also calculated the memory function in the

case x = l /A2 = (27/A)2 = 0. From the Laplace picture of the memory

function

(2 A + s) J2

2 X2 (44)

one obtains its time development in form:

= J = sinh( 0

20
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In this special case, the crucial quantity which determines the character
of the time dependence of the memory function ui12(t) is the ratio X2/SJ2. If
it is smaller than 1, the time dependence of the memory function becomes
oscillatory. For the ratio grater than 1 the time dependence is nonoscillatory,
exponantially damped.

Let us return to the Fig, 1. Besides borders between regions I, II, II
and IV there should be one more interesting and important curve in the (x-y)
plane. It characterizes the above mentioned transition from the oscillatory to
the damped time dependence of the memory function wl2(t)- This additional
separation curve denned by A2 = 8 J2 would cross the y-axis at the value y =

3.4 Correlation with the optical properties

Warns and Reineker showed [12], that for small amplitudes of the local energy
fluctuations A s = 0.5 the excitation energy transport in the dimer occurs via
damped oscillations for all values of A, and thus this transport can be denoted
as coherent in the whole Arrange ( Fig. 6). For the larger amplitude of the
local energy fluctuations A, = 2 we have two transitions between coherent and
incoherent transport regime (Fig. 7). The first corresponds to the transitions
between regions I and II in Fig. 1, the second one to the transition into
region IV. Working in the white noise limit only the second transition would
be recognized. Warns and Reineker correlated [12] their analytical results for
the time dependence of the occupation probabilities with the analytical and
numerical results for the optical absorption.

The line shape for As = 0.5 and various values of X, is shown in Fig.
4. For small values of A we obtain a strongly structured line; the position of
the peaks is determined by the random energy distribution ±AS, on account
of the quasi-static dichotomic noise and their width by the life-time of the
energy state, i.e. by A,. With increasing values of Ae the lines become broader
and merge. For very large values of Xa and finite values of A3 the lines show
narrowing, because the fluctuations are now so fast that the exciton can no
longer follow. In Fig. 7 the third column represents optical line shapes for
A, = 2 and different values of A. Warns and Reineker concluded from their
results, that when the full halfwidth of the optical line is greater than 4J the
occupation probability decays without oscillations to the stationary value - the
exciton transfer regime becomes incoherent.

We have calculated for the same parameters A and A the time depen-
dences of the memory function w12(t). Results for As = 0.5 and different A,
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are presented in Fig. 8. Going from As = 0.01 to A5 = 5, the form of the corre-
sponding MF w]j(t) changes from the oscillatory behaviour, corresponding to
the coherent exciton transfer between molecules with two states with different
energies in the static limit, to the exponentially damped behaviour with a long
coherence time.

Results for As = 2 and different A are presented in Fig. 9. Going from
A, = 0.04 to As = 40, the form of the corresponding MF Wi_2(t) changes
from the oscillatory behaviour with at least two frequences, corresponding to
the coherent exciton transfer between molecules, each with two states with
the large energy difference, in the static limit, to the exponentially damped
behaviour with the short (regions II and III) and long (region IV} coherence
time.

4 Conclusions

The aim of our paper was to determine the form of the memory functions
wmn{t) entering the GME and corresponding to the time development of the
occupation probabilities of the exciton moving in dimers under dichotomic
coloured noise.

In this paper, instead of deriving the memory functions from the mi-
croscopic Hamiltonian using the Nakajima-Zwanzig identity, we have used the
known exact analytical solution for the time development of the site occupa-
tion probabilities Pj(i) obtained by Warns and Reineker [12] for the dichotomic
coloured noise. They took into account only the influence of local energy fluc-
tuations characterized by parameters A and A, which are the amplitude and
the average switchover rate of the local energy fluctuations, respectively.

We have obtained, with the help of the inverse Laplace transformation,
a general form of the memory function u>i2(£). It consists of four exponential
contributions, each of which could be damped in time with different decay
rate, given by the real part of the corresponding roots r;. The weight /* of
each exponential contribution is strongly dependent on the parameters which
characterize the dichotomic coloured noise A and A. Numerical results are
shown in Figs. 2 - 5 .

Starting point for us was the well known limit of the white noise which
leads to the Stochastic Liouville Equations [3]. Therefore, we have used at
many places in our discussion the parameters 70 and A instead of A and A.

In [12] Warns and Reineker obtained the analytical solution for the time
development of the occupation probabilities in dimer under the dichotomic
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coloured noise. They determined regions in the (x-y) plane in which the co-
herent (I,IV) or incoherent (11,111) exciton transport regime takes place. As
can be seen from our results on Fig. 2 - 5 , different exponential contributions
become dominant in the time development of the memory functions for such
regions in the (x-y) plane (Fig. 1).

The exact exponents possess as real as imaginary parts. Together with
the behaviour of the corresponding weight fi this could result in an oscillatory
behaviour in the time dependence of the memory function V)i2(t). In many
cases the corresponding weights /; of the exponential contribution with the
complex roots are negligible.

We have obtained also general analytical expressionss for the exponents
r( and coefficients /,. We have presented approximate expressions for them in
different physically relevant limiting cases:

The theoretical interpretation of the phenomenological parameters A and
A on the basis of microscopic theories is far from complete and a subject of
future investigations.
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Figure captions
Fig. 1: Number of comlex eigenvalues R,J3, , RsU in the (x-y) plane.

Fig. 2: Real part of the exponents for J = 1 as a function of A72 and Aj1.

Fig. 3: Imaginary part of the exponents for J = 1.
Fig. 4: Real part of the coefficients of the roots for J — 1.
Fig. 5: Imaginar part of the wieght of the roots for J = 1.
Fig. 6: Exciton transport and optical absorption for A3 = 0.5.

Fig. 7: Exciton transport and optical absorption for As = 2.

Fig. 8: Time dependence of the memory function vi\2{t) f°r A3 = 0.5 and
A = 0.01,0.05,0.1,0.25,0.5,5.
Fig. 9: Time dependence of the memory function Wu{t) for A, = 2 and

A = 0.04,0.2,1.5,3.8,8,40.
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