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SOME LIGHT-SENSITIVE IMIDE MOLECULAR SYSTEMS WITH THE
DETERMINED FUNCTIONAL PROPERTIES

VLADIMIR G. SYROMYATNIKOV, VALERIY N. YASHCHUK, TYMISH YU.
OGULCHANSKY, IRINA A. SAVCHENKO, ALEXEY YU. KOLENDO.
Kiev Taras Shevchenko University, 64, Volodymyrska St., 252033 Kiev, Ukraine

Abstract Some unconjugated molecular systems with different kinds of
intramolecular energy transfer are proposed and discussed.

One of the main problems of molecular electronics is the construction and the
synthesis of macromolecules possessing definite functional properties. The presence of
different types of such systems (for example, functional acting macromolecules) would
give the possibility to create essentially modern devices of technics.

It is known, that energy transfer in polymer macromolecules is realized by incoherent
excitons randomly hopping to nearest neighboring units along the macromolecule!-7. In
this paper on a base of previous investigations8-12 the attempt has been done to design
the macromolecule in which the excitons spread only in determined one-way direction.
Such macromolecules may be used as the basic elements of molecular electronics.

The direct exciton current in the macromolecule is possible when there is the
decreasing of levels energy values unit to unit along the macromolecular chain. In
general case there are three variants of the suitable displacement of energy levels: a)
Energy values of singlet levels decrease along the chain, b) Energy values of triplet
levels decrease along the chain, c) Both energy values of singlet and triplet sites
decrease from unit to unit. From our point of view the most interesting situation is that
when ¢') the position of the first singlet excited state of the initial unit is lower than for
the other units in the macromolecule but gradually lowering of triplet levels takes place
along the chain. Only in this case the selective exciting of the first unit of macromolecule
leads to direct one-way exciton propagation from initial to end unit along the

macromolecule (Fig.1). 293
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FIGURE 1 Scheme of energy transfer from unit to unit in macromolecular model ¢'

If in the first unit the I excitons are generating per unit time, it can be shown that the
value of the exciton current (this value we introduce as the quantity (N) of excitons
which are passing through macromolecular cross-section per unit time) between unit m
and unit m+1;

Iy = dNpy/dt = [gpM(1-pe- AE/KT)m
where AE - difference between energy values of neighboring units sites, § - the
probability of energy transfer between neighboring units without considering of the back
transfer. The considering of the possibility of spontaneous deactivation (a) in every unit
of macromolecule and processes of back transfer gives such dependence of the total
exciton current on number of macromolecule's unit.

In=Ip [( 1-)/(1+e-AE/KT))n
For triplet excitons in aromatic-containing polymers o.~ 10->. Then for n=104 and
AE >> kT I/l = 0,9. So, the losses of excitons in such model macromolecule are
negligible. The initial steps in designing of the compounds with such properties are
described in this paper.

As a part of this macromolecule it is proposed the compound which consists of
almost independent several n-electrons systems with determined position of their energy
levels. Two possible variants have been examined. 1) In the first of them the decreasing
singlet as well as triplet energy levels values takes place from unit to unit and therefore
the direct one-way S,T-energy transfer exists. Two compounds possessing such
properties have been synthesized: a)oxyphenylnaphthalimide [based on naphthalimide
(NAPHM) and aminophenol (APH)]; b) naphthalimidodiphenylbenzoate based on the
NAPHM, aminooxydiphenyl (AODP) and benzoic acid (BA). The investigation of
absorption, fluorescence and phosphorescence at 293 and 77 K indicates that T- and
S-excitons do spread directly in these compounds (Fig.2,3).

Structure formulae of these compounds as well as the scheme of energy levels and
some obtained spectra are shown at fig.2,3,4(a,b,c).
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FIGURE 2 Energy transfer in oxyphenyl-
naphthalimide: a - formula and fragments;
b - scheme of energy levels; ¢ - phosphorescence spectra, d - corresponding absorption
spectra: 1 - NAPHM, 2 - APH, 3 - oxyphenylnaphthalimide (dioxane, C=10-4 mol/,
T=77K, Aex=337 nm).
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FIGURE 3 Energy transfer in naphthalimidodiphenylbenzoate (NIDB): a - formula and
fragments; b - scheme of energy levels; c - spectra: 1',2' -phosphorescence of NAPHM
and NIDB, 1,2 - fluorescence NAPHM and NIDB. d - absorption spectra: 1-BA, 2-
AQDP, 3-NAPHM, 4-NIDB.
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FIGURE 4  Energy transfer in oxyphenylphthalimide: a - formula and fragments; b -
scheme of energy levels; c - phosphorescence spectra 1-PHTM, 2- APH, 3-oxyphenyl-
phthalimide ; d-absorption spectra : 1 - APH, 2 -PHTM, 3 - oxyphenylphthalimide
(dioxane, C=10-4 mol/|, T=77K, Aex=337 nm).
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2) Another variant of the unit’s energy level positions has been realized in
oxyphenylphthalimide (the compound which consists of APH and phthalimide (PHTM))
(Fig.4). The analysis of absorption and luminescence spectra gives for APH and
PHTM’s S, T-energy levels Syapn = 29700cm ", Siprryt = 32100cm , T apy = 23800cm
Tiprms = 23000em” . Such positions of levels except intramolecular S-S energy transfer
in compound when S,-level of APH-unit is excited. However only phosphorescence of
PHTM-unit was observed, as a result of selective S;-level exciting of APH-unit. The last
proves that only T-T transfer energy takes place in this compound on scheme:

Seapn + hvey = Suaenr = Tiaen = Timmu = Sorrv + hvpy

The macromolecules with great number of units may be design on this principle.

The research described in this publication was made possible in part by Grant N
K2Q100 from the Joint Fund of the Government of Ukraine and International Science
Foundation.
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