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Optical bistable response of an open linear Frenkel chain:
Exciton-exciton annihilation and boundary effects

V. A. Malyshev; H. Glaeske, and K.-H. Feller
Fachhochschule Jena, Fachbereich Medizintechnik Physikalische Technik, Tatzendpromenade 1b, D-07745 Jena, Germany
(Received 21 November 1997

A numerical study of the optical bistable response of an open linear Frenkel chain of three-level molecules
is carried out, making use of the one-molecule density-matrix approach. We analyze the joint effect of the
presence of boundaries and of the exciton-exciton annihilation on the bistable behavior of a chain. The former
is going to destroy such behavior due to the spatial inhomogeneity of the population growing with time. The
latter resists a preferable creation of the population at a certain segment of the chain stabilizing the system and,
thus, provides the conditions for bistability to be realiZe®il050-294{@8)03907-9

PACS numbes): 42.65.Pc, 36.40.Vz

I. INTRODUCTION chain can exist at quite large magnitudes of the annihilation
constant (comparable to the dipole-dipole intermolecular
During the 1990s, the interest of many scientific groupscoupling if the relaxation from a molecular level, which is
addressed studies of quasi-one-dimensional structures marigsponsible for the annihilation process, is slower than the
festing features quite different from those of bulk materials.rate at which the annihilation occurs.
In particular,J aggregates of polymethine dyes as well as The main goal of the present contribution is to study the
conjugated polymers, which can be approximately modelednutual influence of both the inhomogeneity and the exci-
by a linear Frenkel chain, display extraordinary peculiaritiesOnic annihilation on the manifestation of a bistable behavior
of their photoresponsid—4] (see also Refd5,6], and refer- N @ Fre_nke_l cha|r_1. _An_ idea we are going to prove |s_whe_ther
ences therein caused mainly by the collectivexcitonio the excitonic annihilation, which does not destroy bistability

character of the excitations. Recently, possibilities of observ\-NIthln a certain range of its rate and acts as a faqtor of
. ; S : . homogenization, can suppress the effect of boundaries. To
ing a bistable behavior in the optical response of linear ag

. . face the problem, we apply the one-molecule density-matrix
g_retg%t_(la_tﬂ,?]f ar:d even tOf afd|me[r7,d9] were d:scussed. Th]? formalism as was done in Ref$8,20]. The resulting system
IStability efiect originates Irom a dynamical resonance 1re- couplednonlinearequations for the one-molecular density
quency shift with the population of the system, and consist

o : $natrix includes exactly the intermolecular retarded interac-
of a sudden switching of the population from a low level 10 o \whose real part is responsible for the dynamical shift of
a higher one with increasing pump intensity. The shift menyegonance frequency with an increasing level of excitation,
tioned reflects, in fact, the fermionic character of the excinyhich, in turn, results in the aggregate bistabili#g]. The
tonic eigenstatefl0—13 (see also Refd5,6]) and is mani-  imaginary part of the retarded interaction describes the col-
fested in spectroscopic data as a blue shift of the one-to-twective radiative damping. Such an approach was previously
exciton transitions with respect to the ground-state-to-oneysed to treat Dicke superradianf2l—-23, and to show a
exciton transition$14,15. bistable response of a collection of two-level atoms disposed
The bistability predicted, unfortunately, can be destroyedn a volume with linear dimensions smaller than an emission
for several reasons. In particular, as shown in R&f, the  wavelength{24].
inhomogeneity resulting from the presence of two bound- The paper is organized as follows. Section Il presents the
aries in the chain acts in such a way that the bistable behafermalism of the one-molecule density-matrix approach. In
ior disappears for chains of size less than an emission wavesec. Ill, we discuss in detail the influence of the excitonic
length. The preliminary study show¢d6] that even in the annihilation on the bistability of a chain, making use of the
opposite limit the lower branch of the population becomesmean-field approximation. Section IV deals with numerical
unstable with time, due to growing spatial inhomogeneity,simulations, based on the exact set of coupled nonlinear
and the system finally passes to the upper stable branch. byuations for the one-molecule density matrices. The results
addition, the process of excitonic annihilation, which plays aof these simulations maintain our idea mentioned above that
role with increasing pump intensiffl5,17-19, can also re- the excitonic annihilation acts as a stabilizing factor, provid-
sult in the impossibility of a bistable behavior of photore-ing conditions for the bistability to be observed. In Sec. V,
sponse to be realized. In R¢R0], a study has been carried we discuss the parameters of some real systems with respect
out concerning this influence. It has been found, making usé a realizability of the effect predicted. Finally, Sec. VI
of the mean-field approximation, that the bistability of a summarizes the paper.

] ) Il. MODEL AND FORMALISM
*Permanent address: All-Russian Research Center “Vavilov State

Optical Institute,” Birzhevaya Liniya 12, 199034 St. Petersburg, As previously, we model a Frenkel chain as an ensemble
Russia. of N identical three-level molecules equally spaced along a
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straight ling[8,20]. The states are assumed to have alternate 13)
inversion symmetry, so that all transitions are dipole al- $

lowed. A possible absorption from the excited state 2 is not | | « T, 2
accounted for here, due to off-resonance conditions chosen

)

for the optical transition 2>3. Contrary to that, the dipole- | H

dipole interaction of two excited moleculéesponsible for | T
the annihilation procegsvill be considered rather efficient to | {7
populate the highethird) molecular state, by means of sum- : 1y

ming the energy of two excitations. Then, the system of dif-
ferential equations for the amplitude of the off-diagonal ma- a b
trix elementR, and populations of the levels of thih ) ) o
molecule in the Chairp-(-k) (i=1,2,3), accounting for both FIG. 1. Scheme of the exciton-exciton annihilation process
- e S S .. through a third molecular level. In the first step, the molecale
the intermolecular interaction and the annihilation of excita- . ;
goes to the ground state while the molechlpasses to the third

tions, reads20] level. The second step is the radiationless relaxation of the third

N level to the ground and excited states of the transition of interest.
(k) 1 ; * Q * Dashed arrows indicate the cross-processes.
P11= 7 > (7 TARRIR - 7R +e.c.
I(#k)=1
_ the problem under consideration, it describes the collective
Kr (k-1 k+1 k '
+apylphs Y+ pbs U1+ Tipls (1a

radiative damping. The real pad,, gives rise to phase

. N Q modulation in the optical response of the aggregate, and is
C(_ _ = . * ST ok responsible for the bistable behavi@]. In the particular
P22 4|(¢%:1 (Vi TARIRIR 1 7Ry +e.c. case of a chain with a length small as compared with the
emission wavelengthL(= Na<\), vy, equals half the radia-

_ (K (k=1) (k+1) (k) . . -

2applpzy Ve U1+ Tapss, (1b) tive constant of an isolated moleculg/2, whereas\,, is
o " o (D) o (koD just the near-zone dipole-dipole interactionu?(1
p33=—Tpzgtapylpy “+p2z "] (1o —3cog g)a’[22].

The parameterr phenomenologically describes the con-
. ] ] ©_ K tribution of the exciton-exciton annihilation, in which one
Ry= _IARkij%:l (v tiA)Rilp2s — P17 ] excitation passes to the ground state while another one goes
up to a third molecular level, due to the dipole-dipole inter-
—i0[pY - pH1-aRIp% V+p% ], (1d  action. We assume that two excitations disappear when they
are nearest neighbors. The annihilation rate is proportional to
whereA = w,;— wq is the resonance detuning of the externalthe sum of nearest-neighbor populatiopl(zk{ l)+p(2k2+ .
field frequer;gtywq, and the_molecular transition freque_ncy Corresponding terms in the equations drivin&? and R,
wz1; (1=pe™h is the Rabi frequency of the external field. gitter from one another by the factor of 2. Through the third
The latter was assumed to be a plane wave traveling perpefsye|, the excitation relaxes to the ground and excited states,
dicularly to the chain axis and polarized parallel to the dipole,ith the rated’; andT',, respectively [ =T';+T,). So we
vector of molecules in the chaip. MatricesA, andy are  cjude into our scheme both the “Auger” kind7,19,15

N

given by formulag8] (described by[',) and the fusion mod¢lL8] (associated with
2 _ . _ I'y) of excitonic annihilation(Fig. 1). The magnitudes oF
Auﬁig( costkoall , kD) n Oasm(koa|l , kl)} vary in several papers from 0.1 ps[18] to 5 ps * [19]. We
ha 1=K 1=k do not include in our scheme ary, and T, processes, as-
cogkoall —k|) suming the exciton-exciton annihilation to be dominant un-
X (1—3 co¥ 9)—(k0a)2||0—k|sin2 a], der the conditions we are going to consider.
(2a) I1l. ANALYTICAL RESULTS: MEAN-FIELD APPROACH
MZI cogkoa|l —k|) sin(kqall —k|) In order to gain insight into how the exciton-exciton an-
7’|k=ha31 od T—K[? - [EE } nihilation influences the bistable behavior of a chain, we re-

strict our study in this section to the simplest model in which
sin(koa|l —k|) all functions in Egs(1) are assumed to be independent of the
X(1-3cod 0)+(k0a)zwsm2 9] : site number. This gives us the great advantage of the analyti-
cal treatment of the problem. The system of equatiti)s
(2b)  then transforms into

Here a is the distance between adjacent molecules land _ Ve Q

=wp/c, andf is the angle between the dipole vecporand p11=7|R|2+i Z(R—R*)+2ap§2+ Tipas, (33
the chain axis. The matrid, —ivy, may be identified with

the matrix of the intermolecular retarded interaction. Its Q

imaginary party, results from the molecular interaction MR RI2—i —(R—R*)—4ap2.+T 3b
through the transverse fieldee, for instance, Ref22]). In P2z= 5 IR 7 )4yt lapss, (30
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paz= — T pas+2ap3,, (30 0.04

0.035

R={—i[A—AL(pao— 1]+ Yr(p22— p1)}R »
—iQ(p2o—p11) —2aRpy;, (3d)

0.03 47

POPULATION

whereA =23NM2 A and yg=232 _. y(. As in Refs.
[8,20], we will assume both thak, is negative(the case of
J aggregates, see Ref$,6]) and that| A |> yg.

In order to display clearly the peculiarities of the bistabil-
ity effect in the presence of excitonic annihilation, one
should fulfill a stationary analysis of E¢B), substituting the =
time derivatives in Eq9.3) by zero. Then an algebraic equa-
tion of the fifth order appears, for the population of the sec-
ond level RABI FREQUENGY

0.025

162 1.64 166 1.68 17

FIG. 2. Results of numerical calculations of Ef) demonstrat-
r, o7 2 ing the disappearance of the three-valued solution with the annihi-
4p2a| 1— o 1-ps=2|1- Ve P22 lation constantr. Bistability exists atr< a,=44 in full correspon-
dence with Eq.(8). The other parameters ale/I',=2 (I';,I',

+[A—|A,_|(1—p33) N 2|A| r] >1),A’=—10, and|A_|=100. All numbers are in units ofg.
P22
YR YR . (l T, - 2u 2+ A’+2|AL| 2
0\2 P22 “or P22 — P22
=[1-pas- 2p22](—) . 4 7 ™R
YR 0)\2
{2
YR

Here pa3=(2a/T') p3,.

First, let us recall the physical origin of the bistability Hereafter, we assume that <—+/3yg; i.e., as regards the
effect in the absence of the exciton-exciton annihilation.detuning of resonance, we are above the threshold of bista-
Making use in Eq.(4) of the substitution[',—0, «—0, 1 bility established in the absence of excitonic annihilation.
—paz—1, we pass to the equation of RE8], In the case of an algebraic equation of third or®r the
conditions of bistability can be derived from examining ze-
ros of the derivativel2?/dp,,. The appearance of two zeros

’ 2 2
4p 1+(A_+ 2| P ) }:(2) (5) of dQ?/dp,, is equivalent to Eq(6) having three real roots.
? yr % YR/ This takes place when
A/ 2 o 2 Ar 2
whereA’=A—|A_| is the resonance detuning renormalized 4| —+ A_) =31+ A_) 1+ —> (D)
YR | L| L YR

by the dipole-dipole interaction. Equatidh) has three real
roots(and, consequently, demonstrates a bistable bebafior where the equality means the threshold for bistability to be
A’<—\/3yR[8]. This means that, in order to observe thepresent. From this, one can find the critical value of the an-
effect, one should excite the system slightly above the renomihilation constant:

malized resonanc@,;—|A.|. As the current detuning of

resonance, according to E@d), depends on the population ac  A(A'lyr)+ V3[(A']yR)2+1]
differencep,,— p11 then the system, when excited by an ex- N 3(A'/yr)2—1 '
ternal field, tends to improve the resonance conditions. The

radiative damping, represented by, competes with this If a>ea, inequality(7) is never satisfied and consequently,
tendency, stabilizing the population at some level. Howeverp,, monotonically depends ofd. In the opposite casey

at a certain threshold value of the incident field amplitude,<a., a three-valued real solution of E(f) appears, which
the radiative damping can no longer resist the pumping, angesults in a bistable behavior.

the system experiences an abrupt jump to another level of Note thate,, as a function ofA’, has an upper limit at

®

population. |A’|/yg>1. Taking large values ofA’|/yg, from Eq. (8)
From recent experimental data related Xoaggregates one then obtains m@xc}=|AL|/\/§.
[19,15, it follows that usually an inequalityy>I"> vy is In Fig. 2, we have drawn a few examples of the numerical

satisfied. Nevertheless, to obtain a whole picture of how theolution of Eq.(6), displaying the disappearence of the chain
excitonic annihilation affects the bistable behavior of abistability with increasinge. Figure 3 presents the depen-
chain, we, first, consider a case of a very high relaxation ratdence of the critical annihilation constaat on the initial
from the third levell", so that one can neglect its population. detuning of resonanc&’. The bistability effect exists where
Then, omitting everywhere in Eq4) the termpsz, we ob-  a<a, (at a fixedA'): the shaded part in Fig. 3 shows this
tain region.
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FIG. 3. Dependence of the critical value of the annihilation con-
stanta, on the initial resonance detunidy . The shaded part cor-
responds to the existence of aggregate bistalilityc ao(A')].

Now let us discuss a realistic case of the relationship be- 1w f B e
tween the annihilation constant and the relaxation ratE: Lo

I'<a. In order to demonstrate the effect of a finite magni- 092}
tude of I" upon the realizability of the bistable behavior, in
Fig. 4 we plot a family of solutions of the original E() 094

obtained at a fixed magnitude afbut varyingl". From these
calculations, it follows that, df < «, the critical value of the
annihilation constant increases, providing more favorable

=
=
N

conditions for displaying bistability. 0|
Such behavior can be easily explained by the third level
population that just takes place at finite magnituded of -1.00 |-

Indeed, comparing Ed6) with Eqg. (4), one can see that the . g o s p—
initial detuning of resonanceA’=A—|A,| in Eqg. (6), is
renormalized due to population of the third level, turning to
A—|A |(1—p3x=A"+]|A_|ps3 in EQ. (4). This means a
better resonance between the pump and the system frequen-FIG. 5. Kinetics of the average population differeritig) for a
linear chain of 50 molecules witkya=0.1 calculated with the ex-

r= 15 act equationg1): annihilation constantee=0 (a) and a=25 (b).

;:g (A'=-10 and|A,|=97) Insets show the values of the Rabi fre-

quency(). All numbers are in units ofg.

Time t (in units of 1/]4,[)

0.015

cies and, as a result, more advantageous conditions for bista-
95 bility to be realized. Note that, the lower the relaxation rate,
oot L the higher the critical value of the annihilation constant
needed to destroy the effect at hand.

POPULATION

0.005

IV. NUMERICAL SOLUTION OF EXACT EQUATIONS

In reality, the presence of two boundaries in the chain
makes the conditions for molecules inside the chain different
from those close to the boundaries, in the sense that both the

local energy shiftA =%, Ay and the local constant of
RABI FREQUENCY collective radiative dampingy,=2=,.¢¥q how depend on
FIG. 4. Results of numerical calculations of E@) for the the molepule Iocatiok._This naturally leads to aviola}tion of '
populationp,, at a fixed value of the annihilation constapt120 e Spatial homogeneity of the one-molecule density-matrix
showing the disappearance of the three-valued solution with £'€Ments, in spite of the fact that it was present at the initial
growing relaxation rate of the third levél. As can be seen, at a Instant of time. As shown in Ref8], the spatial inhomoge-
relatively slow relaxation rate of the third levéh the sense that Neity can influence the manifestation of bistable behavior of
I'<«), the critical value of the annihilation constamt increases, the linear-chain optical response in such a way that this ef-
providing more suitable conditions for bistability to be present. Forfect disappears for aggregates of length less than an emission
the parameters useth’=—10, |A |=100, andI'/T,=2), ',  wavelength.
equals 2. All numbers are in units of. In order to study the joint effects of spatial inhomogeneity

0.9 1 11 12 13 14
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FIG. 7. Spatial distribution of the population difference, corre-

®) _: :jt:: ;gg sponding to the lower branch of the possible states of the system, at
8- 1A= 2000 several instants in time evolutiogghown in the insejs The Rabi
USSP - - frequency 2 =0.807, and the annihilation constaat=25. The
080 | other parameters are the same as in Fig. 5.
ez ; B interested in. AA,;> vy, and, moreover, as this inequality

becomes stronger with decreasikga, one should wait a

longer and longer time for a stationary state, carefully com-

i 3 ; LG puting processes occurring within the shorter time scale. Sec-

ond, as was shown previous|§], a linear chain of length

- ! ' L less than an emission wavelength did not manifest any

bistable behavior. From this it follows that the parameter

. koaN=KkyL, whereL is the chain length, should be chosen to

s ! ! ! ! ! be of the order of Z or more. At a real value okya

0 10 2 % 40 %0 (~0.01), this pushes values of the molecule numiperp to

1000. Increasin@\ also leads to a drastic growth of the com-

putation time, so that finally we have to restrict the number
FIG. 6. Spatial distribution of the population difference at sev-Of moleculesN to a value of the order of 100. On the other

eral instants in time evolutiofshown in the insels The Rabi fre- hand, it should be pointed out that the crucial quantities of

quency is equal to 0.64%) and 0.861(b). The other parameters are the problemA,; and y,, scale withkgalk—1|. Thus the mag-

the same as in Fig. 5. nitude of kpa is of no importance at a fixed value of the

chain length_: both A, andy,, look like universal curves in

and excitonic annihilation upon the bistable response of aterm of the scaling coordinate=koa|k—I|. The same pecu-
open Frenkel chain, we have carried out numerical calculaliarity can be attributed to the solutions of E@). Actually,
tions of the exact system of equatiofi3. In our numerical the magnitude okoa affects only the relationship between
experiments, we calculated the time dependence of the avef« and yy, as mentioned above, lowering as a result the
age population differenc&(t)=N"13,[p(t) —p1y(t)], at  critical value of the external field amplitude necessary for a
fixed values of both the resonance detunidg ) and the sudden switching of the population from the lower branch to
annihilation constantd), but varying the amplitude of the the upper onésee Ref[8]). In this sense, conclusions ob-
external field (2). In all calculations, a sudden switching on tained forkpa=0.1 can be extended to the more realistic
of the field was used. It is also seen in Figa)6that the case ofkpa=0.01.
inhomogeneity is not created instantaneously. Two sets of The results of numerical simulations are presented in
calculations have been done, for chainsNo£50 and 100 Figs. 5-7 and 11 foN=50, and in Figs. 8 and 9 foN
molecules at a fixed magnitude kfa=0.1. =100. Observing Figs. (8 and 8a), we come to the first
For real systems, magnitudes of the parammarusua”y conclusion that the pure b|Stab|||Wn the absence of exci-
have an order of 0.01. Our choidga=0.1 is simply to tonic annihilation,«=0), in fact, does not exist, at least for
reduce the computation time to a reasonable limit. The casé€ parameters used. The system cannot be stabilized on the
of matter is that, first, two noticeably different time scaleslower branch of the population and finally experiences a
exist in the problem under study, given by the matridgg ~ Jump to the upper branch, which is really stable. Such a
and y, . The former describes the phase modulation of thé?€havior was not recognized in RE8], since the calculation
electric polarization as well as the redistribution of the popu-{ime in Ref.[8] was within the limits of stability of the lower
lation along the chain, while the latter is responsible for thePranch. -
relaxation of the system to a stationary state, which we are As in the frame of the mean-field approach,& A, and

-0.94 -

AY)

Site number (n)
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FIG. 8. Same as in Fig. 5, only for a linear chain of 100
molecules; |A, |=93, and the annihilation constanies=0 (a)
and 15(b).

FIG. 9. Same as in Fig. 6, only for a linear chain of 100 mol-
ecules.(a) 2=0.400.(b) 1=0.807 for the three lower curves, and
0 =0.861 for the two upper curves. The annihilation constant

— ) . and all other parameters are the same as in Fig. 8.
Y«=Yr), the lower branch is stablsee Ref[8]); an obvi-

ous reason for the instability found is the spatial inhomoge- o ) o o o
neity of the population of the molecules in the chain. Asduently providing their efficient excitation, which in turn,
follows from Figs. 6a) and 9a), two symmetrically placed 9ives rise to the instability mentioned. It is quite probable
regions with a higher level of population arise, close to thethat such an instability is present even for a very long chain,
boundaries rather than to the center of the chain, which ar@xcept that the time of quasistability may be large as com-
responsible for the instability of the lower branch found.Pared to that for a shorter chain.
Evo|ving in time toward an increasing popu'ation, they fi- Note that for a short chain of iize less than the emission
nally provoke the transition of the system to the stable uppewavelength N=10 in Fig. 1da)], A, changes quite steeply
branch. with Kk, resulting subsequently in a high inhomogeneity of the
We relate such preferable creation of populatiomther local detuning of resonande), . We consider this as a reason
close to the boundarigdo the profile of the local energy- for the total absence of a bistable behavior for a short chain

level srifth depicted in Fig. 1(). As can be seen from this [8].

figure, A, deviates from an analogous value for the mean- It is remarkable that the bistable behavior of a chain can
) ' - - . be revealed provided the presence of the exciton-exciton an-
field approachA, = A,_y/, within the regions close to the

. . ~ N . ihilation. In Figs. %b) and 8&b), we present the results of
chain ends. This deviation changes the local detunings Oﬁumerical simugllations at the samepset of parametes as in

resonancel; =A — A, as compared to those at the center ofjgs. 5a) and §a), except for a nonzero value of the anni-
the chain A'=A—A,). Definitely, two symmetrically lo- pjjation constant =25 and 15 for chains of 50 and 100
cated regions can be found with;|< y, [y, is depicted in  molecules, respectively As is clearly seen, the excitonic
Fig. 10b)]. The latter means that monomers belonging toannihilation is able to stabilize the system at the lower
such a region are in resonance with the external field, subs&ranch of population. In Figs.(), 7, and 9b), we plot the
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¥(X)=74, (b) on the position of the molecule in the chairscaled ~ €Xact equationgl). Annihilation constantsy=50 (a) and a=100
asx=k/N. Insets show the number of molecules in the chidin (D). Insets show the values of the Rabi FrequeficyAll numbers

are in units ofyg.

distributions of the molecule population over the chain, tak-
ing time as parameter. It follows from these figures that the
spatial ingomogeneity of the population at the lower branch
does not disappear; nevertheless, its profile is stabilized in In this section, we would like to discuss parameters of
time by the annihilation. Analogous distributions of popula-some real systems, which can be modeled as an open linear
tion related to the upper branch behave more smod#eg chain. In this sense]) aggregates of pseudoisocyanine
Figs. @b) and 9b)]. Nevertheless, with increasing the anni- present one of the most studied objects of such a kind. The
hilation rate the bistable behavior disappears a¢fig. 11, Vvalue of o can be extracted from the experimental data of
in approximate conformity with the mean-field approach. both the annihilation constang,~3x107% cm®/s and a

As in the absence of the excitonic annihilation the bistablgypical size of the coherence length of an excitabout six
behavior fails, it is clear that, in addition to the upper thresh-at room temperaturg¢$17,18,13. This gives a value of of
old value of the annihilation constaat, mentioned in Sec. about 10 ps’. On the other hand,|A |~650 cnit
1, a lower one must also exist. In order to find this thresh-~20 ps ! is accepted as a typical value fdraggregates of
old, a series of calculations was carried out varying the conpseudoisocyaningb,6]. Thus, for such kinds of aggregates,
stanta. From these simulations, we obtained that, with thewe have the magnitude of the annihilation constant less than
other parametersy| ,A’,I';,I',) fixed as above, these val- the maximal threshold value m%ng}=|AL|/\/§, i.e., the case
ues aree=2.5 and 10(in units of yg) for N=50 and 100, of existence of a bistable behavior. Nevertheless, it is well
respectively. known that notwithstanding the fact thataggregates can

Summarizing, one can see that the mean-field approadncorporate thousands of molecules, only a subsystem of lo-
discussed in Sec. Il seems to be a very approximate one faralization domains consisting of a part of thége so-called
describing the optical response of an open Frenkel chaircoherently bound moleculesontribute to the optical re-
The spatial inhomogeneity plays a crucial role in forming thesponse. This is due to localization of the excitonic states.
behavior of a chain undergoing an on-resonance externdrom the experimental dafd,2,15,19, it follows that this
field and, what is important, independently of its size. number, even at low temperatures, does not exceed 100 mol-

V. DISCUSSION OF THE EXPERIMENTAL DATA
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ecules, which means that a typical size of a coherent domaiof this kind of bistability. A detailed description will be
is less than the emission wavelength. Thus these objects cgiven in a forthcoming paper.

be considered as promising candidates for a realization of the

bistability effect we are discussing, provided there is an in- VI. SUMMARY

crease of the size of a localization domain. The one-molecular density-matrix approach is used to
It should be noted in this connection that one may suggesinalyze the nonlinear optical response of an open linear
another mechanism of bistable behavior of an ensemble qfrenkel chain in the presence of exciton-exciton annihilation.
open Frenkel chaingshorter than the emission wavelength The mean-field approximation predicts the possibility of ob-
based on the quasifermionic character of the 1D excitonaining a bistable behavior in the response, even in the case
states(see the discussion in Seg. Indeed, as the transition of large magnitudes of the annihilation constant comparable
from one-to-two exciton bands is blueshifted with respect tao the dipole-dipole interaction of monomers composing the
that from the ground state to the one-exciton band by somehain.
energy gap AE,;), they can then be considered as decou- A numerical study based on the exact set of equations for
pled from one another, if the Rabi frequency of the externathe one-molecule density matrix shows that, in the absence
field fulfills the condition Q<AE,;. This allows one to Of the annihilation process, the bistable behavior predicted
model an isolated linear Frenkel chain as a two-level molgenerally fails due to the spatial inhomogeneity of the den-
ecule with a renormalized radiative constant=y,N de-  Sity matrices of monomers. Growing in time, this inhomoge-
scribing the radiative relaxation from the one exciton bandNeity finally provokes the transition of the system from the
Further, it is known[25,26 that an ensemble of two-level 'OWer branch of populatiotbecoming thus unstabl¢o the
molecules elaborated in the form of a thin slab with a thick-UPPer stable branch. Thus one can sfay.that blstablg behavior
nessL less than an emission wavelength can demonstrate n be obseryablg only over a certain mterva_l of time qfter
bistable behavior of both reflectivity and transmittivity re- t. e external field IS swﬂ_ched on. Exuton.-excnor? ann|h|lla-
sulting from the coupling of molecules via the emission field.tlon, the rate of Wh'c_h rises with popula_mtlon, resists an in-
This concept seems to be acceptable to an ensemble ofcrease of j[he_ population at a certain region of the ch_aln, ?‘”d
aggregates, taking into account the fact that they can be Orﬁtabmzes it, in such a way providing conditions for bistabil-
ented by a vertical spin-coating methf®i7]. Another plan ity to be revealed.
for obtaining homogeneously oriented species that look like
J aggregates gives us thin films of thiophen oligomers
[28,29, the lowest excitations in which are Frenkel excitons We greatly acknowledge the support of the Bundesminis-
[30]. All this gives us hope that it is, in principle, possible to terium fur Bildung, Wissenschaft, Forschung und Technolo-
elaborate a thin slab consisting of homogeneously orientedie within the Hochschulsonderprogramm Ill. V.A.M. thanks
aggregates. The model of such a type of bistability differshe Deutsche Forschungsgemeinschaft for a grant, and ac-
from that we considered in our paper. Therefore, from ouknowledges partial support from the Russian Foundation for
study, we cannot assert anything as regards the realizabilifgasic ResearckProject No. 95-03-09231as well.
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