This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:55

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Radioluminescence Mechanism
and Charge Transport

Phenomena in Organic Solids

N. Z. Galunov #, V. P. Seminozhenko # & A. M.
Stepanenko ?

% Institute for Single Crystals, Lenin av., 60, Kharkov,
310001, Ukraine

Version of record first published: 24 Sep 2006

To cite this article: N. Z. Galunov, V. P. Seminozhenko & A. M. Stepanenko (2001):
Radioluminescence Mechanism and Charge Transport Phenomena in Organic Solids,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 355:1, 479-490

To link to this article: http://dx.doi.org/10.1080/10587250108023678

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023678
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 02:55 16 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 02:55 16 August 2012

Mol. Cryst. Lig. Cryst., Vob. 355, pp. 479-490 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Radioluminescence Mechanism
and Charge Transport Phenomena
in Organic Solids

N.Z. GALUNOV', V.P. SEMINOZHENKO and A.M. STEPANENKO

Institute for Single Crystals, Lenin av., 60, Kharkov, 310001, Ukraine
(Received June 04, 1999; In final form January 28, 2000)

The overview of our previous works devoted to development of the modern theory of the radiolumi-
nescence of organic condensed media is given in this paper to show that Prof. E.A. Silirsh ideas have
been conformed by this theory as well as by well-known experimental facts of scintillation technique.
Only some of his ideas are discussed, namely, the Gaussian distribution model for local energetic
states of a polarization origin in an organic crystal energy diagram, and the molccular ~ lattice
polaron model. It is shown that the appearance of very shallow trapping centres of polarization origin
cause the additional delay of a moment of a radioluminescence photon emission in organic solid scin-
tillators.

Keywords: radioluminescence; polarons; molecular solids; and liquids

1. INTRODUCTION

Progress of science may be compared with stairway. Like a stairway, which con-
sists of of separate steps, science is built on significant results achieved by scien-
tific schools and scientific workers. Such an analogy is in good agreement with
the scientific heritage of Prof. E.A Silinsh. Indeed, the Gaussian distribution
model for local energy states of polarization origin of the energy diagram in an
organic crystal, as proposed by him D has become today one of the key aspects
in understanding the physical processes of charge transport in organic crystalline
systems. According to this model, electronic polarization effects in the crystal by
charge carriers determine the energy eigenvalues of conductivity levels and local
trapping states. The energy spectrum of local states of structural origin is dis-
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cussed within the framework of the Gaussian distribution model. The results of
energy structure studies for number of aromatic and heterocyclic molecular crys-
tals confirm this phenomenological model'!), Evolution of the molecular polaron
theory in combination with computer simulation allowed E.A.Silinsh and his col-
leagues to take the next step and to ground the molecular — lattice polaron model
(polarons of “nearly small” radius 2)y for organic molecular crystalline systems
(.2 The possibility of interpretation of an overwhelming majority of transport
features as those, in which the charge carrier mobility p is not of activated nature,
i.e. u~T™", where T is the temperature and n is a constant, was demonstrated by
computer simulation for aromatic organic crystals within the scope of the molec-
ular polaron theory. According to the lattice polaron model, i.e. in the case of
thermally activated mobility, it is described as p~exp (-E,/kT), where E, is the
depth of a trap and k is the Boltzmann constant. In other words, for the former
case we have a decrease in p -value and for the latter one an increase with rise in
the temperature. E.A.Silinsh has shown that in a case when the charge state
mobility is independent of temperature, combined of molecular and lattice
polaron models are more expedient 2,

This paper shows that the aforementioned ideas of Prof. E.A. Silinsh have been
confirmed by modern theory of radioluminescence processes in condensed
organic media as well as by well-known experimental facts of scintillation tech-
nique.

2. THEORETICAL PREDICTIONS

Luminescence, which excited by ionising radiation, is accepted to be called radi-
oluminescence (RL) ®~19, To emphasise its practical application, another name
for this kind of luminescence is used, i.e., scintillation. The materials in which
RL can appear are known as scintillators 3-9) In contrast to photoluminescence,
in the case of RL the molecules of organic system, practically, are not directly
excited by ionizing radiation (7.10), They are excited in the recombination process
of charge carriers; i.e. the process of RL excitation has its specific and very
important “preliminary” stage. The luminescence in organic molecular crystals,
plastics as well as in liquid solutions of organic luminophors is molecular in
behaviour @19, This means that such a process can be presented as lumines-
cence of individual molecules in spite of a kind of excitation. The molecular
nature of luminescence of organic solids and liquids has been shown for pho-
toexcitation ), as well as in comparative studies of RL and photoluminescence
spectra U0 1 is caused by the low energy of intermolecular interactions in the

systems under discussion (12710,
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The properties of molecular solids as well as of liquid solutions of organic
luminophors, brought out in the late forties, allowed developing the theory of
their photoluminescence G1D 1 particular, the expressions describing a photo-
luminescence pulse shape for such an object were obtained on condition that the
time distribution of excitation can be presented by a 8 — function. This postula-
tion is reasonable because it is equivalent to assumption that molecules are
directly excited by light, and the duration of the excitation of an organic mole-
cule into the lowest excited singlet state (S;) is negligible. In such a situation, the
process of excitation energy transfer from the points of excitation to luminescent
centres of the object determines the shape of luminescence pulse rise and the
process of photon emission by such a centre determines the shape of lumines-
cence pulse decay. There are two limiting cases ®_ For solid solutions the proba-
bility of energy transfer between molecules, which are the donors of the
electronic excitation energy, and molecules, which are its acceptors, decrease
during the time of light-pulse formation. It is caused by an increase in the aver-
age donor-acceptor distance during this process ® For liquid solutions with low
viscosity, such an effect is impossible owing to intense molecular diffusion and,
therefore, the probability of electronic excitation energy transfer does not change
in time. Thereby and in respect to the molecular nature of the luminescence, it is
easy to obtain that the photoluminescence pulse shape is described by

it) = f(t) * exp(=t/7), (1)

where t is the time after excitation, 1 is the decay time constant, f (t) is a probabil-
ity density function, which describes the time distribution of the moments of
excitation of the luminescent centres. In equation (1) * is the symbol of a convo-
lution, i.e.

) <90 = [ bt =) g0)d), (2)

The RL theory of organic molecular solid and liquids has been developed in
the sixties 39, This theory proceeds from some assumptions. In particular, it is
considered that the influence on kinetics of prompt RL of all the processes,
which take place in plasmon, superexcited and charge states, is negligible. In
such an approach, the process of excitation by ionizing radiation “loses” its spe-
cific preliminary stage and so it gives the possibility to use the expressions,
which have been deduced in the photoluminescence theory. Thus, according to
the theory ), the rise of aRL pulse for pure solid scintillator must be instantane-
ous and the pulse shape is described by a single exponential function, because in
equation (1) f (t) is a & — function. For a binary solid scintillator it must have a
fast initial rise, followed by a decrease in pulse slope owing to decrease in excita-
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tion energy transfer probability between excited molecules of the base (donors of
excitation) and molecules of the luminescent solute (acceptors of excitation) with
increase in duration of the process ®) The rise time has to decrease with solute
concentration increase. For a 8 — excitation of low viscosity liquid solutions f (t)
is exponential and

. T T
1(t) ~
() T —T

[exp(—t/7) — exp(—t/m1)], (3)

where 1, is the rise time constant of a prompt RL pulse, which must decrease
with solute concentration increase ),

3. EXPERIMENTS

The lack of precise instruments gave no possibility to examine aforementioned
RL theory predictions up to the seventies. The first attempts made by Bengston
and Moszynski (see review of their results ') to study the precise scintillation
pulse shape for vinyltoluene plastic scintillators led them to equation (1) with f
(t) as

fa(t) = [(2m)2a] ! - exp|—(t — ma)?/207], 4)

where m = 3 and o is the time constant, which defines the rise time of a prompt
RL pulse. It was found that the - value was the same for pure, binary and ter-
nary (i.e., containing molecules of a quenching agent) systems. Galligaris et al
have obtained the same results (!*). So, the o- value in contrast with 1 (See equa-
tion (1)) did not depend on concentration and type of the molecules of a lumines-
cent solute or a quench agent. In contrast with theory prediction, a slow initial
pulse rise with its following speeding-up was observed. It can be interpret in the
framework of existing RL theory (3-6) only as the experimental detection of the
presence of unknown additional delay of a photon emission (10.12) Thig delay
was described by function (4) and it appearing cannot be explained without any
change in RL theory. Bengston and Moszynski set up the states hypothesis that
the o- value in equation (4) described the decay of highest excited states of mol-
ecules. In such a case, the process of excited S, states quenching or variation in
density of excitation cannot change the o- value. The experiments with the same
objects, but for essentially higher density of excitation (!>!%15) (see Table 1)
have shown that rise time of RL pulse and it duration can decrease with increase
of a density of excitation.

In the sixties, it was considered that RL light output must be essentially
dependent on temperature 3 Now (see the review of such materials “0)), it is
well known that in the range of-60... +60 °C the RL characteristics of organic
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solids can vary with temperature in limits of £5%. It is comparable with error in
the determination of temperature dependence of the photomultiplier tubes used
with such a scintillator, All these result in the crisis of RL theory in the eightieth.

TABLE I The o-values (see Equation (4)) for some organic solid scintillators obtained from pulse
shape measurements.*

Scintiflators G, ns Ref

Plastics

Both single and binary component systems

Base
Styrene 0.26 16,19
Vinyltoluene 0.20 12,13,2}
Vinyltoluene” 0.17...0.09¢ 14,15
Vinylxylene 0.20 17,19
Vinilxylene” 0.13 18,21

Organic Single Crystals
Stilbene

The root-mean-square of random orientation of
single crystal mosaic structure (minutes of arc)

160...25 0.18...0.21 16,21
p-Terphenyl

Diphenylbutadiene concentration (mol.%)

No doping 0.38
0.042 0.30
0.083 0.24 16.21
0.415 0.18

a. In order to reduce the influence of the light-collection processes on light pulse shape all experi-
ments of such a type have been made at room temperature (10,12-21). The use of a light guide and
light collection systems needed for low-temperature RL experiments (in contrast to the case of pho-
toexcitation) potentate the effect of the light-coilection process on the time spread of photon regis-
tration in pico- and subnanosecond ranges. May be, thereby there are no experimental data for
temperature dependence of g-value.

b. The density of excitation was high and tracks were overlapping.

¢. The estimated range of o-values, which was calculated on the base of the data obtained for differ-
ent densities of excitation /4 1%,

We have found (16721 that equation (1) modified by the Gaussian function (4)
is correct for all organic solid scintillators except those in which the process of
radiative transport is of primary importance. The o- value did not depend on the
type and concentration of added agents in plastics, but it was determined by the
type of the polymer macromolecule and the density of excitation (see Table I).
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For organic crystals the o-value weakly depends on crystal structure perfection
just as much as it is connected with the concentration of a charge carrier deep
trap. For liquid scintillators of low viscosity (based on toluene, xylene) no devia-
tion from equation (3) was observed (17.18.22) Figure | demonstrates the effect of
additional delay, which is described by function (4), for plastic and crystal scin-
tillators in comparison with liquid one. The comparison between the fluores-
cence spectra of organic crystals, plastics and liquid scintillators for the cases of
radio- and photoexcitation (excitation of base molecules in S| — energy state)

showed their identity ao,
1,04 o oo, oo
oo'.” .“.'.\ -.. ., - - M'.".'
L)
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) %oe o® .
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FIGURE 1 Normalized time distribution spectra of the radioluminescence pulse from liquid (curve
1), plastic (curve 2) and single crystal (curve 3) binary scintillators a8 Compositions: liquid toluene
scintillator contains lOg/dm3 PBD (2-phenyl-5- (4-biphenylyl) — [,3,4- oxadiazole); plastic polyvi-
nyltoluene scintillator contains 3.46 mol.% PBD; crystal scintillator is the single crystal of p-terphe-
nyl, which contains 0.1% diphenylbutadiene (substitutional solid solution)

4. DISCUSSION

The equation (1) holds always, because in multicomponent systems RL is of
molecular and sensitized nature 37 We have verified this by comparative
experimental study of RL and photoluminescence spectra (19) Description of a
prompt RL pulse shape by equation (1) with f(t) = f(t) (4) is only possible when
the existence of the “preliminary” stage of the RL excitation is taken into account
as) Thereby the expressions describing a pulse shape of RL for condensed
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organic media must be obtained on such a condition when the time distribution
of excitation can be presented by a function differing from a §-one.

According to experimental data, an additional delay in the moments of photon
emission was observed (see Figure 1). It is described by the probability density
function (4) withm = 3 and o ~ 0.2...0.26 ns for plastics, and 6~0.18...36 ns for
organic crystals (see Table I). Therefore, the following situation has to be ana-
lysed. For a multicomponent system, two cases can exist: 1) luminescence takes
place in primary excited molecules and 2) luminescence is sensitized. For the lat-
ter situation one has to consider the system, which consists of molecules x and y
in Sg — state (the ground state). The excitation of molecules x (donors of excita-
tion energy) is described by function G (t). The excitation of molecule y (accep-
tor) appears when the process of energy transfer from molecules x to molecule y
takes place. The first situation is the special case for the second one (the case
when the probability of energy transfer is equal to 0). Thus, it is necessary to
examine the system of equations

{ D~ Q) - MO - [Y — CYB)] - C% (1) — vO= (t) (5)
A0 = [y AD)][Y - CYB)] - () — BCY (D) (6)

In Equations (5) and (6): Y is the concentration of acceptor molecules; C*v)
and CY(t) are the concentrations of excited donors and acceptors for the time t
after excitation, correspondingly; A(t) is the probability density function, which
describes nonradiative transfer from excited molecules x to molecules y; v is the
rate constant of radiative electronic excitation energy transfer from x to y; v=l/1g
is the rate constant of donor luminescence for the case when energy transfer to
acceptors is absent, f=1/1 is the rate constant of acceptor luminescence. We shall
consider this problem for the following initial conditions:

cT ) = 0 (7)
{C”(O) 0 (8)

I

Let us denote the total probability of deactivation of donors’ excitation as
u(t) =EAE) - [Y =CY*@))+vBelt)+v~At)-Y +v 9)

It should be mentioned that for the RL the concentration of excited molecules
is considerably (usually, 10° times ('9) lower than the total concentration of
molecules, i.e. always Y > CY(t). Therefore in Equation (9) u(t) = ¢(t) = AM1)Y.
The analytical solution (23) of this problem for two limiting cases of energy
transfer (i.e. for solids and liquid systems with low viscosity) allows reaching the
following conclusions. The description (1} with f (t) = fg (t) = G (t) (See Equa-
tions (1) and (4)) is valid if the process of generation of the base molecules
excited in S;- state (donors of excitation energy) is described by the Gaussian
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function (4), and the o- value exceeds the characteristic time of the subsequent

excitation energy transfer. The solutions are analogous to the ones of the photolu-

minescence theory ) when the case of 8- function excitation is being consid-
(23)

ered ‘<.

Using the central limit theorem 24 one can obtain the same results for the gen-

eral case as well. Indeed, let {§;, k=1} be a sequence of mutually independent
random variables with distribution functions G (X) = p{§,>X}, which possess

the finite mathematical expectation Mg, and variance Dg; = o}’

n
<Z or® >0 . Suppose that the sequence {&, k>1)} and a similar one {ny,
k=1

k>1} describes the time distribution of the moments of excitation of the base
molecules in S;- state and the solute ones (in the process of donor-acceptor
energy transfer), respectively. If the population of the random variables & satis-
fies conditions of the central limit theorem, and

/2

n n 3
> Mg - el /|3 ba (10)
k=1

k=1

is small for n—oo, then the distribution law of a sum of random variables
g1 +&x+... +&, is close to a normal one, no matter how &- variables are distrib-
uted. This may cause the shape of the function (4), which has been obtained by
experiment for pure solids.

Let define

G =&+ (11)

In the case under consideration, a sequence of mutually independent random
variables { &, k > 1} describes the probability of a luminescent centre excitation
at the moment t. If a condition similar for the (10) one is satisfied for - value,
then the distribution law of a sum of summands {;+0,+ ... 4§, is close to a nor-
mal one. Condition (10) is violated as soon as the variance of some summands
(e.g. my) exceeds the variance of the rest. In such a case, their sum is not close to
the normal distribution law. Therefore the distribution of the sum {+{+ ...+,
is defined by a distribution law of the sum 11;4M,+ ...+n, when the probability
of energy transfer is low (i.e. the o- value in (4) is smaller than the values of
characteristic time of the process and its variance). The sum of independent ran-
dom variables C is distributed according to normal law, if the sum of independent
random variables & also follows this law, and the probability of energy transfer is
high (i.e. the variance of - value distribution is less than one of &- value distri-
bution), no matter how 1- variables are distributed.
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For effective organic scintillators, which are really used, the probability of
energy transfer is high, and the characteristic time of such a process is about
10712107 4@ 1D 1t is less than o ~ 10710 (see Table I). Therefore, the
answers for two questions must be found in order to understand the origin of the
additional delay described by function f(t) in equation (1). What is the cause of
such a delay origin? Why o is about 107102

The only possible explanation for the origin of the additional delay, which is
described by Equation (4), has to be associated with “preliminary” stage of RL
process (10.25) Indeed, the duration of other energy exchange processes such as
interaction of ionizing radiation with molecules of matter, generation of plas-
mons and superexcited states, nonradiative intermolecular and intramolecular
energy transfer does not exceed 10715 G, 71D The charge carriers generated by
ionizing radiation before their recombination (consequently before a base mole-
cule excitation) can localize on a trap

E; = kT - In(rv) (12)

in depth. In Equation (12) k is the Boltzmann constant, T is the room temperature
(see the note for Table I), 7, is location time, v is the attempt-to-escape frequency.
If we take 1, = 30 (according to equation (4)) and v ~ 10'257 M (LIB.19) hen for the
o- values (see Table I) we obtain E; < 0.17 eV.

Let AE to be the difference in depth between the trap with location time 1, and
one with location time t,+At. For AE < kT it is not difficult to obtain from
expression (12) that

AE = A1 - (kT /7). (13)

For a given temperature and sample kT/t, is a constant. Hence, for a shallow
trap system both the location time distribution and the energy one should be
described by a function of the same type, i.e., according to expression (4), by
Gaussian functions. That is just what has been obtained during the study of the
energy distribution of trapping centres, which are formed in regions of local
compression and tension of individual edge dislocations of organic crystals by
E.A. Silinsh 1),

Trapping centres with values of E, < 0.17 eV can be associated with low- and
medium — angle boundaries of organic crystal lattices or spatial non-uniformities
of polymer macromolecules @21, Notwithstanding this, such an explanation of
the problem discussed is not complete enough. Indeed, the following questions
arise. Why are the differences between E,-values obtained for organic solids with
greatly different structure so small (see Table I)? Why is the description (3), but
not (4) valid for liquids?

Having falien into a trapping centre a charge carrier polarizes the molecules of
organic matter, those surrounding this centre. The result of the interaction of the
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charge with dipoles induced on neighbouring molecules can be represented as
deepening of a trapping centre by the value of 8E,. This value is about 0.1 eV for
the wide class of organic materials (12) Hence, the estimated depth of the initial
structural trapping centre is E, — 8E,; < 0.07 eV or about 2kT. Therefore the
appearance of very shallow trapping centres for charge carriers, most of which
can even be produced by temperature-activated vibrations of the organic crystal
lattice of fragments of macromolecules of polymers, completely explains the
appearance of the additional delay of the emission of RL photons. Such a
dynamic trapping centre of polarization origin can be formed during a charge
carrier localization on every molecule, and the concentration of such centres is
equal to the concentration of all localized charge carriers, i.e. it is very high, It is
just described by expression (4).

Thus, the Gaussian form of function (4) only testifies of the statistical nature of
the processes described. The same result follows from the above analysis based
on central limit theorem. If the charge carrier motion were defined only by trans-
fer integrals, then the corresponding time of charge carrier localization would be
about 10714... 10712, It exceeds the time of electronic (10_15...10_168) and
vibrational (10712...1074s) polarization, and therefore a molecular polaron can
be formed. For organic crystals, a local lattice polarization takes place, and a
potential well 8E, in depth appears. Thereby, the formation of dynamic trapping
centres of polarization origin raises the possibility of increasing the time of
charge carrier localization up to 10719 It exceeds the lattice polarization time
(10"12...10‘“5) @ A presence of traps of a structural origin causes the same
result (i.e. increase of a lattice polaron formation probability). The effective
value of p is formed under the influence of all the processes, which define the
transport of a charge carrier in organic solid. For effective organic scintillators
the intensity of prompt RL is caused mainly by the efficiency of the process of
charge state recombination, which takes place during the time not longer than a
RL pulse decay time 25 Therefore, the extremely weak temperature depend-
ence of a RL signal can find a reasonable explanation only on the base of the idea
of molecular - lattice polaron model, as analysed by E.A. Silinsh @,

For liquids, equating the thermal energy to the polarization one at a distance R
from the ion, we can estimate the dimension of a zone of it stable polarization
surrounding“g’zs)

R = (e®a/2kT)"/* ~ 1.0nm, (14)

where e is electronic charge, o is the mean molecular polarizability (o ~ 2.10723
cm?® U9y k is the Boltzmann constant, and T is the temperature. According to
expression (14}, R is about a molecule size (1,7.9), Therefore, the generation of
excited molecules in liquids is practically due to recombination, which takes
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place between geminate ions. Hence, the recombination process duration is
determined by the characteristic collision frequency of molecules (i.e. ~10"%s71),
and no delay, which described by expression (4) with characteristic time about
107'%, can appear.

5. CONCLUSION

The main features of the prompt RL of condensed organic media are determined
by its molecular nature. The process of charge carrier energy exchange defines
the light pulse formation. For liquids, this process mainly takes place between
geminate ions and therefore its duration is limited by their characteristic collision
frequency. For organic solids the description of the pulse shape of the RL pulse
fast component by expression (1) with f5(t), which is described by expression
(4), is valid when the probability of excitation energy transfer is high, and the
spread of the moments of excitation of luminescent centres of the scintillator is
defined by the process of preliminary stage of charge carrier generation, localiza-
tion and recombination. In such a case, the localization of charge carriers on
dynamical trapping centres of a polarization origin resuits in an additional delay
of a RL photon emission, which is described by clipped Gaussian function (4).
This process of polaron states formation, transport, and recombination will be
sensitive to the structure perfection of the object just as much as it will be con-
nected with the concentration of charge carrier traps of a structural origin. The
appearance of very shallow trapping centres (most of which can be initiated by
the temperature activated vibrations of the organic crystal lattice or fragments of
macromolecules of polymers) can result in formation of such dynamic states of
polarization origin. The only way to reduce the probability of such a state forma-
tion is to generate a high density of charge carriers, which may have not enough
time to localize before their recombination. That is why the o- value decreases
for a high density of excitation (see Table I). When the probability of nonradia-
tive energy transfer is low, the RL pulse shape should be approximated by func-
tion (3), and the light-collection and reabsorption processes would cause the t,-
value.

The material discussed has shown that Prof. E.A. Silinsh ideas are not only
useful for understanding semiconductive properties of organic crystals, but can
be used as the key points in investigating the physical processes taking place in
organic condensed media, in particular, for development the RL theory of these
objects.
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