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EXCITONS AND OPTICAL NONLINFARITIES IN ORGANIC
QUANTUM WELLS AND SUPERLATTICES

V.M.AGRANOVICH

INSTITUTE OF SPECTROSCOPY , RUSSIAN ACADEMY OF
SCIENCES

TROITSK, MOSCOW OBL. 142092 RUSSIA
LINTRODUCTION : FRENKEL-WANNIER- MOTT

2.EXCITONS IN ORGANICS: FRENKEL AND CHARGE TRANSFER
EXCITONS

3.0RGANIC CRYSTALLINE NANOSTRUCTURES-NEW
MATERIALS FOR SCIENCE AND APPLICATIONS.
RECENT PROGRESS IN GROWTH AND CHARACTERIZATION.

4.FIRST EXPERIMENTAL OBSERVATIONS OF EXCITONS IN
ORGANIC MULTILAYER STRUCTURES AND "SMALL RADIUS"
MODEL.

S.THE CREATION OF ORGANIC MULTILAYER
NANOSTRUCTURES OPENS A NEW FIELD OF RESONANT
MOLECULAR OPTICS:

A. FERMI RESONANCE INTERFACE MODES AND BISTABILITY
AND MULTISTABILITY IN THE ENERGY TRANSMISSION
THROUGH THE INTERFACE.

B. HYBRID EXCITON STATES AT ORGANIC-INORGANIC
INTERFACE.

6.ELECTRONIC PHASE TRANSITION IN THE SYSTEM OF
INTERFACE CHARGE TRANSFER EXCITONS AT HIGH
CONCENTRATION.
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Fermi Resonance Interface Modes and -
Bistable Energy Transmisssion through the
Interface
V. Agranovich* and J.B. Page™
« Institute of Spectroscopy, Russian Academy of Sciences.

Troitsk, 142092, Russia
«+ Departmeunt of Physics and Astronomy, Arizona State University. Tempe,

A7Z 35287-1504, USA
Abstract

We investigate the nonlinear dynamics of an interface in the region of the in-
terface Fermi resonance, when the energy hw; of vibrational excitations on one
side of the interface is approximately equal to 2hwy, where hw; is the excita-
tion encrgy on the other side. We show that intermolecular cubic anharmonic-
ity across the interface not only produces Fermi Resonance Interface Modes
(FRIM), but can also lead to bistability in the energy transmission through the
interface. Using the simplest 1D model for the interface, we demonstrate the
lose connection between the bistability and the classical version of the FRIM,
together with the dependence of the bistability on the driving frequency and

amplitude, aud on the vibrational damping.

I.Introduction

-

There is great current interest in the preparation of high quality organic
thin films and multilayered structures for various electricai and optical mod-
el investigations aimed at potential future applications (see, e.g. [1-13] and
.oferences theiein). However, the basic understanding of the linear and non-
linear optical properties of such structures remains to be achieved. One of
us (V.A.) has roconily stressed [14-15) that among the new features of such
structures, uot only the confinement of electrons and excitons, which are typ-
ical fur inorganic multilayered structures, but also the nontrivial role of inter-
faces can be important. In some cases, such as donor-acceptor interfaces in
Langmuir-Blodgett films [16-18], the electronic structure of the interfaces can
be responsible for nonlinear optical properties. Of course in other cases the
cole of interfaces can be different. For example, it was shown [19] that in the
multiple quantum well structures consisting of alternating layers of two crys-
talline organic semiconductors PTCDA and NTCDA, the observed blue-shift
L the lowest singlet exciton line with decreasing layer thickness [1] can easily
e nnderstood {(in teris of “small radius” excitons) if one takes intc account
e change of the vas/condensed- matter <hift near the interface, together with
the cotresponding shift of the molecular electronic energy levels. Another ex-
anple is the Feomi Resovance Inter ace Vindes (FRIM). arising due to roupling
across the mterface between two different lavered medin iyl The nossibilite

y

183,395(1993)
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V. Agranovich, R. Atanasov, F. ‘Bassani .

We investigate the exciton' ‘states at the
interface of orgamic and inorganic -
quantum wells (QW) , ‘when ‘the energ
of the " ‘citon In the
organic QW is approximate
the emergy of the 2D _ Wanuigl
in the inorganic semiconduct
demonstrate that the dipol
resonance interaction is . respor
for the appearence of new stafe
enkel-Wannier excitons, Wil
unusual properties. ~ These : Xh
have large oscillator strength:
are typical of Frenkel excitom
the -same time they can have larg
exciton radiuses, typical for
Mott excitons. The dispersion

10 ._8ay

properties. The necessary
characteristics of organic.
inorganic crystals are discussed. . i
order to obtain appropriate
for studying hybrid states. Som
illustrative calculations are performed
for an organic layer deposited on a
ZnCdSe quantum wells. c
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Interaction between an OQW and IQW

The total Hamiltonian H of this system_
may be written in the form | S

H '-'-"H *Ff 4'H:uf

and analogously the Wanmer-Mott exciton
Hamlltoman is

H 2 EW(L) Bz (L'.

The operator | H,;.,t
the form

| -Z( FQLIVI\VC z?,;

u\t

where V is an interaction energyv ope tor

i i-

Let's consider the case when for som £
l and I ’

the difference ] E F _ EV

PN T e e G W g L ¢ s

the other exciton bands



In this case, we look for the solutions of
the Schr'odinger equation which are .
combinations of the nearest exciton bands
only, and we can write

W =AY (0D, B (DD, »
“’h"’“agav (':UF) andCRw (q:"’) are the

corresponding ground (excited) state wave
functions of noninteracting QWs .

In the case of thin organic and inorganic
QW's, we may consider the mixing between
the lowest exciton states only. Thus, we
omit indexes ¢ ¢ and write the
Schr"odinger equation as a |
system of two equations for the amplitudes

Aand B; AfEF_E]+ BLFIHilW)=0,
ALWI HoelEY + BLEY-E) = 0.

The condition for non zero solutions of the
above system |

is given by the expressio

[E)-E][6"W)-E]- Ik Fk 1R W, b0 5 O,

which determines the energies of the new
hybrid Frenkel-Wannier (FW) exciton
states.

When the system is in a hybrid state, it
could be both in FE state and in WE state
with the corresponding weight coefficients.

25}



They can be evaluated from the condition
‘that _ td " is normalized, i.e._

A2 ) BI*=1,

Thus, we obtain

12 (k) 2 (e g)*
Al “(EF-E)*~ F‘(k)’IBl-(eﬁ-e)Zq_ ML)

where the parameter

F(L)=)<F kI H,, [wL>

describes the FE-WE interaction strength.

The only parameter we need to calculate
the hybrid FW
exciton states is the interaction parameter

(k).

From it we can also obtain the average A
exciton radius as the expectation value of R =

R(K)=aF AL + A1 B,

where (QF is the 2D-Frenkel exciton

radius, and )\ is the radius of the 2D-
Wannier exciton under consideration.

Usually, A\ >>F and for strongly hybrid
states |

R~ A1BL)) > a’ .

o 23
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Dielectric-Metal Phase Transition in the
System of Interacting Charge-Transfer
Excitons.

V.M.Agranovich and K.N.Ilinski

Institute of Spectroscopy, Russian

Academy of Sciences
Troitsk, Moscow obl. 142092

Russia
g O g O Accrplows
-CTE
O O Doners i
We demonsrate that strong dipole- dipole
repulsion of
1D and 2D charge transfer excitons (CTE)
can induce at sufficintly high exciton

concentrations an electron dielectric-
metal phase transition.
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Simple model for temperature T=0.

To clarify the main idea we consider the
simplest case of temperature T=0

and recall that above the excited state of a
CTE the excited states of a crystal (interface)
are always present which correspond to an
electron and a

hole spaced at an infinite distance.

In fact, the CTE energy is known to be:

e.&
“A-gt

where I is the ionization energy of the donor,
A is the acceptor electron affinity,

r is the distance between an electron and a
hole, E is the static dielectric constant,
P is the lattice polarization energy which is
not included in

the Coulomb interaction term. Assuming here
a comparatively large electron-

hole separation we neglect the term in the
CTE energy arising from overlap

of the electronic wave functions of donor and
acceptor.



Temperature T=0 and long-range
dipole-dipole interaction
To illustrate the above said we calculate
with the simplest assumptions the total
energy of the system E(n, ,n, ) for the case
of two- dimensional interface. Here n, is
the 'number of CTEs, and n 2 is the number
of dissociated electron-hole pairs:
n, + ng= n

where n is the total number of excitations

determined by the pumping intensity. I.n'
our case the energy of the system is
Em, n, ) = E, + Ez_
where E 4 is the CTEs energy, and 'E,

is the energy of the dissociated electrons

and holes.



If the repulsion of excitons is taken into

account their energy will be

By ) = n A +Eg
where E;,t is the energy of the repulsion
of 2D CT excitons .If we introduce the
lattice spacing a and a number of sites

on interface

N = lla"

N,
E.“-—t- N A (7\/—

where A= 2 PL/ a3

then

ST




The expression used for E ;. ¢ can.be.._f-_
obtained if we take into account that the
t_otai energy of excitons interacting with
_one- another (with the accuracy up to the

factor of the order 1) equals

n,-2 =~ VL' B

where d  is the average distaﬁCé"BétWééﬁ
CTEs

and n, = N(a./d)z,\,.a%

At the same time the energy of diss_déli'afied |
electrons and holes is L

E, (n,)=n,4 (A +B)+E{kin}(n, )

where B is the excess of the state of

P
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the dissociated electron and hole ove'r the

CTE state and

E{kin}(n, )= C ng/N

The quadratic term in n, is the total
kinetic energy of 2D electrons and holes in
the ground state. Near the threshold this
term carries in only small contribution to
the total energy of electrons and holes.

Here we introduce the notation:
C=2h‘ztz'/azm )

where  is the Plank constant and m is

a mass of the free carriers (we neglect here
the Idifference between m . and mk‘ ).

The total energy of the system at the fixed

total number n of electron-hole

pairs can be written as:
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<
E(nz )=N(3%3B + ng + A(k-; )‘2: ) +
| + kN4,

where §=n‘z/N, k= n/N.

The derivative d E ("-;,)

tt=
E at ¢T=0
is equal to:
dE _ ~Saks
it A/(B 2z )

For small k (weak pumping) this derivative is
positive. It means that the minimum of total
energy corresponds to

3 =0 -
and free charges are absent. However,
for

k > kc

where k, is some critical value of k. :
2

k= (2B/5A)> , _.
c .
u,.e:!:i‘.d‘c
the derivative of energy becomes postive

and a minimum of the energy E(n, )
corresponds to |some 3 (k) > o
o in

Ch



. .\
E-G.ot(nﬂ.) =

;J+
38+ A (k- 3) c
=N|[3




Minimizing the energy E (n, ) by z

we find the equation for ;nin.

3 |
5 3
B-7A (k-3)'+2Cz=0.
From these equation it follows
that if
k > k e’
then near the threshold 3 varies in

accordance with the linear law :

F o= k-k ) (+Ek, ©B)
The appearance of free carriers at k > kg
corresponds to transition into a conducting

state.
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Discussion

Let us estimate, first of all, the CTE
critical concentrations for which the
transition we are discussing would take
place. Making use of the relations
obtained above, we have

kc= (Ba3/2f\'z ) |
Assuming, for example, B=0.1 eV, ~a=5A
and )‘ =20D, which is not rare values for
the case of CT excitons, we obtain

k e ~ 0.1.

Thus, approximately 10 % of the molecules

in the region of the interface should be in

the excited state.
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The account of the kinetic energy of

the charges makes influence only on the
dependence of charge carrier concentration
on the pumping intensity n above the
threshold: if we take into account this
energy 3 varies near the threshold in

accordance with the linear low.

n,=AS = n. ”ls,:)/(i-l-ik c
h

h.‘: YL"'YL‘ ,
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The abovesaid only illustrates the main
idea which, actually, requires
clarification in many directions. One bf the
most interesting is the account of the
nonequilibrium cluster structure of CTE
distribution at short light pulse
excitationé of interface CT excitons. We
can expect that in this case the replﬁsion
induced appearence of free carriers .(‘:an be
observed in the measurements of
photoconductivity at high intensity
Photevolt cofls with -4
L Wi/ } ncet
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