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Lithuanian Academy of Sciences, A.GoStauto 12,
Vilniug, 2600, The Republic of Lithuania

LIUDMILA BAZHAN
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Abstract Quantum chemical investigations of the elec-
tronic structure of the design carbazole (Cz) contai-
ning supermolecules, supramolecules, single charge
donor and acceptor molecules were performed in the
framework of the gemiempiricel neglect of differentiw
al overlap (MNDO) method. The data obtesined show that
it is a small charge redistribution in Cz-(CHp)s-
1,2,4,5-tetracyanobenzene (TCNB) and Cz::TCNB. %hese
designed derivatives are potential molecular photo-
diodes. The sequence of the stability of the Cz con-
taining supramolecules is found. The modeling of the
photoinduced charge separation in Cz, TCNB, 2,4,7-
trinitro-9-diciano-fluorene (TN9(CN)oF) and 2,4,5,7-
tetranitro-9-diciano-fluorene (TeN9(CN)oF) molecules
wasg done.

1. INTRODUCTION
The investigations of the photogeneration and photosensi-

bilization in the chaotic carbazolyl containing photocon-
1-3

ductors and the studies of electron transfer in supermo-
4 led us to design end theoreti-
cal investigation of supermolecules: Cz-G’(or7 )-bridge-ac-
ceptors and supramolecules: Cz:acceptorsS’G. These design
derivatives can be synthesized and used as the molecular
photo~rectifiers, as the bagic elements of the molecular
computers and the other molecular nsnoelectronics devices.
Quantum chemical calculations of the design Cz con-

taining supermolecules, supramolecules were performed in
the framework of MNDO7 method in this work.The MNDO method
was s8lso used for the investigation of monomers: donors,

acceptors, insulators and its gsingle charge ions. The data

lecules and supramolecules
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obtainea®’ ®

show that ionization potential (IK) of the
electron donor-Cz is - 8.25 eV and electron effinities
(AK) of the electron acceptors: 2,4,7-trinitro-9-fluore-
none (TNF), 2,4,5,7-tetranitro-9-fluorenone (TeNF),
TN9(CN), T, TeN9(CN)2F, 7,7,8,8/tetracianoquinodimethane
(TCNQ) are: -2.84, =3.26, -3.09, -3.53, -2.82 eV respecti-
vely. The experimental values of Cz, TNF and TeNF were
referedl’g. In additional to these data AK of TCNB wag
obtained: -2.09 eV. The conformational state, when the --NO2
fragment in the fourth position is perpendicular to plene
of the whole molecule, is more stable for TNF and
TN9(CN)2F' molecules (the total energies of these conforma-
tional states are lower 0.77 eV and 0.47 eV respectively).

The alkanes are insulatorSB. The ionization poten-
tial of C2H6 ig -=12.70 eV, IK of C3H8 ig «12.41 eV, IK
of 05H12 ig -12.07 eV.

The values of IK and AK are presented by using Koop-
man’s approximation (the index K it means).

2,.ELECTRONIC STRUCTURE OF THE SUPERMOLECULE Cz-(CH2)4-TCNB

There were designed and calculated Cz conteining supermo=-
lecule: 1) carbazole—(CH2)4—TCNB. There were agsumed that
the alkane groups bridge most probable join with N atom

in Cz and with C atom in TCNB ring (see Fig.l). All the va-
lues in Pigures 1,2 and 3 must be multiplied by 10'3.

There is a small cherge redistribution in the ground
state of the supermoleculegs constructed of Cz, various al-
kane or alkene chainsg and TCNB (see Fig.l) or TNF6, TCNQ6
molecules. The MNDO calculation date obtained show that
ionization potential of 1 supermolecule ig -8.29 eV, elec-
tron affinity: -2.10 eV and dipole moment d4=0.69 Deb. The-
ge data and data in the references 5,6 show that the donor-
acceptor properties of supermolecules slightly depend on:
1) the number of alkane or alkene groups in the bridges,
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2) the presence of 41 bonds, and 3) the various conformn-

tions in the bridges.

$ans
314
134 .
/% 43 ’
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FIGURE 1. Charges on the atoms in the
supermolecule Cz-(CH2)4-TCNB

The calculations date show that Cz conteining super-
molecules can be considered as systems with isolated elec-
tron donor and electron acceptor parts. Therefore these
systems are potential molecular photodiodes, because we
cen expect only photoinduced charge separation.

We suppose that it is possible to join fatty acid frag-
ments with 20 or 22 -CH2 links to 3rd end 6th carbon atoms
in the Cz fragment of 1 supermolecule snd build Lengmuir=
Blodgett films.
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3. THE MODELING OF THE PHOTOINDUCED CHARGE SEPARATION IN

THE SUPRAMOLECULES

The supramolecules self asgembly of Cz and TCNB (see
Fig.2) or TN9(CN)2F6, TNF6, TeNF6, TCNQ6 molecules were
investigeted.

The molecules Cz, TCNB, TCNQ, TNF, TeNF and
TN9(CN)2F in the supramolecules: Cz::TCNB, Cz::TNF, Cz::
TeNF, Cz::TN9(CN)2F, and Cz::TCNQ were oriented in the
parallel planes. The maximum of the attraction energy of

FIGURE 2. Supramolecule Cz::TCNB. The additional elecw-
tron hole distribution on the Cz molecule and asdditional
electron distribution on the TCNB molecule.
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the oriented electrostatic forces for the Cz::TCNB supre-
molecule is E=0.535 kcal/mol when the distance R=5.2K. The
IK=—8.44 eV, and AK=-2.01 eV for this complex, dipole mo-
ment d4=0.97 Deb. The row of the supramolecules stability
given from the attraction energy calculations is following:
Cz::TeNF >Cz::TNF >Cz::TCNB »Cz: :TN9(CN)2F 7Cz::TCNQ.

It is a very small charge redistribution in the ground
state of all these supramolecules. Therefore these gystems
are potential molecular photodiodes.

The calculations of positive charged Cz and negative
charged acceptor molecules were performed. The sdditional
electron hole is localized on the negative charged atoms
of the neutrasl Cz molecule while the additional electron
is localized on the=C~-C=N fragments of the TCNB molecule
(see Fig.2) and on the -C(CN)2 and -NO, fragments of the
TN9(CN)2F molecule ({see Fig.3). We expect that these lo-
cal charge distribution regions ere present during the
photoinduced charge separation in the Cz containing super-
molecules and supramolecules.

N i4
I

0-4o

FIGURE 3. The additional electron distribution on the
TN9(CN2)F molecule.
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