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In recent decades, thin films of organic semiconductors (OS), or, as they are also called, organic mo-
lecular crystals, have attracted special attention in connection with a number of proposals for their use in
functional units of modern electronics, and therefore in modern technological equipment. At the same time,
the optical, electrophysical and photoelectric properties of OS are very important, which are determined
both by the structure of organic molecules, that is, the starting material, and by the crystal structure of
condensates, that is, by the technological conditions of film production. In this regard, this article presents
the results of studies of some properties of OS and the technology of obtaining thin films based on them. OS
are characterized by weak intermolecular bonds of the Van der Baals type, which causes the low energy of
their crystal lattice. In this regard, the electronic structure of individual molecules during the formation of a
crystal does not change significantly, and the properties of the crystals almost completely preserve the
individual features of the molecules in combination with new properties caused by their collective interac-
tion. This determines the main features of optical and electrophysical properties of OS, their energy struc-
ture of neutral and ionized states. In this article, it is experimentally confirmed that the planar structure of
atoms of molecular crystals, in particular, linear acenes, and therefore the number of m-electrons responsi-
ble for exciton absorption in the visible region of the spectrum determines the position of the edge of their
own optical absorption. It was also confirmed that the long-wavelength shift of the optical absorption edge
of thin films of phthalocyanines is observed when atoms of heavy elements, for example, lead, are intro-
duced into the molecule. When atoms of lighter elements are introduced into the phthalocyanine molecule,
their planarity is not disturbed, and the long-wavelength shift of the edge is much smaller. An explanation of
such changes is presented based on the interaction of foreign atoms with the m-electron system of phthalo-
cyanine rings of neighboring molecules. The significant influence of the technological parameters of pro-
duction, in particular the temperature of the substrate during thermal sputtering, on the crystal structure
and optical properties of thin films of linear polyacenes and metallophthalocyanines has been demonstrated
and substantiated. The possibility of controlling and presetting the necessary properties of thin-film conden-
sates of molecular crystals is shown.

Key words: organic semiconductors, molecular crystals, thin films, production methods, linear acenes,
phthalocyanines.
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B ocmanni decamunimms npusepHynu 0o cebe ocobnusy yeazy mouki niieku opeaunivHux Hanienposgionuxie (OH), abo, Ak ix we Hazusa-
10Mb, OPeAHIYHUX MOLEKYIAPHUX KPUCMATIE Y 36 A3KY 13 YIIUM PAOOM NPONO3UYLL W00 iX GUKOPUCIAHHS Y (DYHKYIOHATbHUX 8V31AX CYYaC-
HOI' eleKMPOHIKU, a Omdice 8 CYUACHOMY MeXHON02iuHOMY 06aadHanHi. [lpu ybomy Oyoce eaxciusumu € onmuyHi, erekmpoqhizuuni ma ¢o-
moenexmpuyri gracmusocmi OH, sxi eusHayaromocs sk 6y0080I0 OP2AHIYHUX MOAEKYI, MOOMO BUXIOHUM MAMEPIAIOM, MAK | KpUcmanii-
HOI CMPYKMYpPOI0 KOHOEHCamis, moomo mexHoI0SIHHUMU YMOBAMU OMPUMAHHA NAIBOK. V 363Ky i3 yum, 6 Oawiti cmammi UKIAOeHI pe-
3ynemamu 00ciiodcens desikux gnacmusocmeti OH i mexnono2ii ompumanHs moHKux niieok Ha ixuit ocnosi. OH xapaxmepusyiomocs cia6-
KUMU MINCMONEKYIAPHUMU 38 ‘A3Kamu muny Ban-dep-Baanscigcokux, wjo 3yMo61t0€ HU3bKY enepeilo ix Kpucmaniunoi pamku. Y 363Ky i3
YUM el1eKmPOHHA CIMPYKMYPa OKpeMUX MOIeKyl npu YMEOPeHHi KpUCMATY CYMMEBO He 3MIHIOEMbCA, | Y 6IACMUBOCIAX KPUCMANIG MAtidice
nogricmio 36epiealomvcsi iHOUBIOYANbHI 0COONUBOCHI MONEKYN Y NOCOHAHHI 3 HOBUMU GLACMUBOCMAMU, 3YMOGIEHUMU IX KOJIEKMUBHOIO
63aemodicio. Lle susnauac 2onosni ocobausocmi onmuunux i enexmpogpizuunux enacmugocmeii OH, ixuio enepeemuumny cmpykmypy Heumpa-
JILHUX Ma [0HI308aHUX cmanie. B Oaniti cmammi exchepumenmanbio niomeepodiceHo, Wo NIAHAPHA CIMPYKIMYPA amoMié MONEKYISAPHUX
Kpucmanie, 30kpema, NiHIUHUX ayeHis, a omoice i KiTbKiCmb TT-e1eKMpOHie, SKI 8i0N08I0amy 3a eKCUMOHHe NO2TUHAHHSA Y 6UOUMIl obnacmi
CneKmpy GU3HAYAE NONOICEHHS KPAIO IX 61ACHO20 ONMUYHO20 no2nunans. 1liomeeposiceno markooic, o 00620X68UNbOGULL 3CY8 KPAIO ONMUY-
HO20 NO2IUHAHHS MOHKUX NII6OK (DMANOYIAHIHIE CHOCMEPI2AEMbCSL NPU 86€0CHHI 8 MOJLEKYILY AMOMIE GANCKUX eleMEHMI8, HANPUKIAO, CEUH-
yro. Ilpu 66edenni 6 MoneKyny pmanoyianiny amomie recuux eiemenmis ixus niaHapricms He NOPYulyEmbCs, i 00620X6UNTbOGUIL 3CY8 Kpalo
3HauHO Menwiuil. TIpedcmasieno noscHentst MaKux 3MiH Ha OCHOBI 63AEMOOI 4YICOPIOHUX AMOMIS 3 T-CIeKMPOHHOIO CUCIMEMOI0 (hmanoyianino-
6ux Kineyb cycionix moaexyi. IIpooemoncmposano i 06IpyHMOBAHO CymMmMESULl 6NIUG MEXHOIOLIYHUX nApamempie OMpUMAaHHs, 30Kpemd,
memnepamypu niOK1aoKu npu mepMiuHOMY HANUIEHHI HA KPUCMALIYHY CIMPYKMYPY | ORMUYHI 81ACMUBOCIT MOHKUX NII6OK NIHIUHUX NOJia-
yewnie ma memanogpmanoyianinie. Ilokazano modxcausicme Kepysamu i Hanepeo 3a0asamu HeoOXIOHI 81ACMUBOCHT MOHKONLIBKOBUX KOHOEH-
camié MONEKYIAPHUX KPUCIATIG.

Knwouosi cnosa: opzaniuni HanienposioHUKU, MOLEKYISAPHI KPUCMATU, MOHKI NII6KU, MEXHOIO02IYHI Memoou OMpUMAHH, JNIHIUHI ayeHu,
¢manoyianinu.

Introduction crystal due to the Coulomb interaction of the carriers with
the weakly bound m-electrons of the neighboring
In previous reviews (Tsizh & Dziamski, 2019; 2020;  molecules of the crystal lattice.
2022), we provided an analysis of existing methods of Such electronic crystallization is a significant multi-
applying thin films of inorganic semiconductor materials.  electron process in OS, therefore, in principle, the band
In recent decades, thin films of organic semiconductors theory traditional for inorganic semiconductors cannot be
(OS), or, as they are also called, organic molecular crys- applied to them within the one-electron approximation
tals, have attracted special attention in connection with a  (Pope & Swenberg, 1999). The energy scheme of the
number of proposals for their use in functional units of ionized states of OS is most often built according to the
modern electronics, and therefore in modern technologi- phenomenological model of Lyons, taking into account
cal equipment. In a significant part of such devices, the the energy parameters of the crystal, the effects of
properties of interfaces between organic thin films with  electronic polarization and the states associated with
metals and inorganic semiconductors are used. At the charge transfer (Corpinot & Bucar, 2019). The energy
same time, the optical, electrophysical and photoelectric  position of narrow zones of ionized states of OS is
properties of OS are very important, which are deter- determined by empirical molecular parameters (ionization
mined both by the structure of organic molecules, that is, energy of the molecule, its electron affinity) and
the starting material, and by the crystal structure of con-  parameters of the multi-electron interaction of charge
densates, that is, by the technological conditions of film carriers with neighboring molecules of the crystal lattice
production. In this regard, this article presents the results  (electron polarization energy). According to the Lyons
of studies of some properties of OS and the technology of model, the following equality of the sum of the
obtaining thin films based on them. OS are characterized parameters of the ionized molecules and the crystal is
by weak intermolecular bonds of the van der Baals type, fulfilled:
which causes the low energy of their crystal lattice (Pope

& Swenberg, 1999; Corpinot & Bucar, 2019). In this Ig+Ag =Ic+Ac=Eg + 2Ac= Kc, @)
regard, the electronic structure of individual molecules
during the formation of a crystal does not change where Ig, Ic are the ionization energy of the molecule

significantly, and the properties of the crystals almost and crystal, respectively; Ag, Ac — electron affinity of
completely preserve the individual features of the molecule and crystal; Eg is the band gap width, which is
molecules in combination with new properties caused by  determined for OS as the energy distance from the
their collective interaction. This determines the main  conduction level of a localized hole to the conduction
features of optical and electrophysical properties of OS, level of electrons with the lowest energy; K¢ is a
their energy structure of neutral and ionized states (Simon  characteristic constant of the polarization model of
& Andre, 1985). ionized states.

As a result of weak intermolecular interaction forces Condition (1) is most precisely fulfilled for linear
in OS, there is a pronounced localization of free charge polyacenes, and in this case the constant K¢ = 7.93 + 0.6
carriers on individual molecules, in contrast to typical eV (Pope & Swenberg, 1999). A comparison of the
inorganic semiconductors with delocalized carriers in the  parameters of the ionized states of linear acene crystals
entire volume of the crystal (Simon & Andre, 1985). Due  convincingly shows the influence of the molecular
to the strong localization, the charge carriers move to OS  structure on these parameters with an increase in the
with the help of separate jumps with a time interval long number of benzene rings and, accordingly, z-electrons.
enough for the occurrence of electronic polarization of the ~ The /¢ and Eg parameters monotonically decrease, while

Scientific Messenger LNUVMB. Series: Food Technologies, 2023, vol. 25, no 99
15



Hayxosuii Bicnuk JIHYBMB imeni C.3. Ikunpkoro. Cepist: Xapuosi Texnomnorii, 2023, T 25, Ne 99

the Ag parameter increases, the quantum efficiency value
increases significantly. The significant influence of
heteroatoms on the energy structure of the crystal is
evidenced by a comparison of the parameters of the
isostructural derivatives of tetracene -
tetrachlorotetracene and tetrathiotetracene with the
parameters of tetracene. In the crystals of these
derivatives, the value of the /5, Eg parameters decreases
and the value of the 4¢ parameter increases.

The chemical composition of OS is determined by the
carbon-hydrogen basis of their molecules. For example,
for pure linear polyacenes, the chemical formula of the
molecule has the form Cyni2H2nia, where n is the number
of benzene rings in the molecule. When doping acenes
and phthalocyanines, one or more alloying atoms are
appropriately included in the composition of the main
molecule, without changing the type of crystal lattice, and
do not significantly affect the intermolecular bond forces
and mechanical properties of OS, although their energy
spectrum may undergo significant changes. Under the
influence of external fields, primarily during heating,
weak intermolecular bonds are quickly destroyed,
therefore the sublimation temperatures of OS are
relatively low (600...800 K), which allows them to be
sprayed in a vacuum without decomposition of molecules.
At the same time, high-temperature or high-energy
methods of obtaining thin films of complex
semiconductors, such as electron beam sputtering,
cathode sputtering, sputtering followed by pyrolysis, the
method of gas transport reactions, liquid phase epitaxy,
and others cannot guarantee the preservation of the
integrity of the molecule, and therefore for production of
thin OS films is rarely used. Recently, the Langmuir-
Blodgett method has been widely used to apply very thin
OS layers, including monomolecular ones (Luo et al.,
1992; Khalid & Jassem, 1993). Thin films of OS,
especially metallophthalocyanines, are obtained by the
method of deposition (epitaxy) from molecular beams of
organic compounds (Tada et al., 1992; Maruno et al.,
1993), but due to the high cost of the equipment, this
method was not widely used. A known method of
obtaining OS films by polymerization without a solvent
(Pankow et al., 1993). Other types of methods of applying
thin films are also used.

Material and methods

One of the most used methods of applying OS thin
films is thermal vacuum sputtering (Bunshah, 1994;
Baumann et al., 1996; Seshan, 2002; Frey & Khan, 2015;
Aksimentyeva et al., 2018). As already mentioned, the
low sublimation temperature ensures the transition of OS
molecules to the gas phase, transfer to the substrate and
film growth without dissociative-associative processes at
the molecular level. A very important factor in the
thermal sputtering of organic molecular crystals is a high
degree of vacuum (Pankow et al., 1993; Hosokawa et al.,
2008), since foreign atoms, especially residual gases, are
effectively captured by OS molecules and significantly
affect the entire spectrum of their electrophysical, optical,
photoelectric and other properties. In addition, during
thermal sputtering of OS, minimum sublimation rates

should be set in order to avoid the transfer of high-
molecular fractions to the gas phase and the formation of
non-homogeneous areas on the condensation surface.

Substrate temperature is a determining factor for the
crystal structure of OS during thermal sputtering (Seshan,
2002; Frey & Khan, 2015; Aksimentyeva et al., 2018). As
a rule, thin OS films are characterized by polymorphism
with a large number of crystalline phases, starting from a
quasi-amorphous structure at room temperature of the
substrate, and ending with oriented polycrystalline
modifications at Ts = 350...500 K. For example, for PbPc
films, it is known that at At 75<310 K, films of quasi-
amorphous modification are obtained, and at 75>430 K,
films of the most stable triclinic modification are obtained
(Pankow et al., 1993). There are no unambiguous data on
the conditions for obtaining PbPc films of monoclinic
modification by thermal spraying in a vacuum, and we
assume that they can be obtained at values of 75 =
340..380 K. In our research, thin films of linear
polyacenes and metallophthalocyanines were obtained by
thermal vacuum sputtering in a URM 3.279.047 unit with
an ion-heterogeneous high-vacuum pump at a residual gas
pressure of 3...7-10 Pa from a molybdenum evaporator.
The temperature of the substrates during sputtering was
set from room temperature to 403 K. It was
experimentally confirmed that high-quality OS films
without heterogeneous inclusions, with properties close to
single crystals, are deposited at low sputtering speeds.
Therefore, the sputtering rate of OS was 0.5...1.0 nm-s’.
Control of sputtering speed and film thickness was carried
out using the KST-1 ionization sensor, the work of which
is based on the partial ionization of the material
transferred to the substrate by an electron beam, and the
measurement of the resulting ion current proportional to
the density of the vapor phase, and, accordingly, the speed
of film sputtering. For each substance, the sensor was
calibrated according to the results of thickness
measurements on an interference microscope MII-4.

Optical absorption spectra of polymer films were ob-
tained using a modified two-beam optical spectrometer
Specord M-400 with the following measurement parame-
ters: spectral range: 200...900 nm, slit width: 1 nm, inte-
gration time: 1 s, scan step: 1 nm, recording speed:
10 nm/s. Optical beam of the spectrometer passed directly
through the film and the substrate, was collimated and
perpendicular to the surface of the film. Surface reflection
when measuring spectra optical absorption was not taken
into account because the relative changes. All measure-
ments were performed at temperature 293 + 1 K. The
analysis of the results was performed using a standard
correlation program, in which the relative error in the
entire measurement range did not exceed 1.5 %.

Results and discussions

Neutral excited states in molecular crystals are
associated with the emergence of a set of discrete levels
of small radius excitons of the Frenkel exciton type (Pope
& Swenberg, 1999). In the absence of intermolecular
interaction forces (that is, in the gaseous state or
solutions), the energy spectra of organic molecules are
characterized by a set of bands formed from individual
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atomic levels as a result of intramolecular and thermal
interaction. During the formation of molecular crystals,
the forces of weak intermolecular interaction are imposed
on the energy spectrum of molecules, as a result of which
the energy bands of individual molecules are split into
narrow zones of the order of 0.1...0.3 eV and shift to the
vacuum level towards lower energies. To date, the energy
structure of the neutral states of molecular crystals and
dyes has mainly been studied. In the process of OS light
absorption, photons are converted into Frenkel excitons
and phonons and neutral excited states are formed,
associated with various transitions from filled 7z- and o-
states to higher singlet, ionized, and surface states (Simon
& Andre, 1985). The energy of o-states is usually higher
than 6 eV and they are responsible for absorption in the
far ultraviolet region of the spectrum, and z-states for
absorption in the visible and near infrared and ultraviolet
regions. In the optical spectra of organic molecular
crystals, the spectral properties of individual molecules
and their electronic vibrational structure are preserved. At
the same time, in the absorption spectra of crystals, in
comparison with the spectra of individual molecules,
there is a broadening of the bands and a slight shift of
their maxima towards lower energies. A characteristic
feature of molecular crystals is the Davidian splitting of
spectral bands caused by the geometrically non-equivalent
arrangement of identical molecules in the unit cell. In the
Table 1 presents the positions of the eigenabsorption edge
of thin films deposited by us on some typical OS from a
number of linear polyacenes based on the approximation
of their optical absorption spectra.

Table 1
Position of the intrinsic optical absorption edge in organic
semiconductor thin films

No Organic The wavelength of the intrinsic
s/p semiconductor optical absorption edge, nm
1. Anthracene 412
2. Tetracene 546
3. Tetrachlorotetracene 617
4.  Pentacene 709
5. Tetrathiotetracene 824

It can be seen that with an increase in the number of
benzene rings (from anthracene to pentacene), a shift of
the edge of the own absorption to the long-wavelength
region of the spectrum is observed. This is caused by an
increase in the number of z-electrons in linear acenes,
which are responsible for exciton absorption in the visible
region of the spectrum. A similar effect of a long-
wavelength shift of the eigenabsorption edge, as well as
the appearance of new bands in the absorption spectrum,
is observed for tetracene derivatives — tetrachlorotetracene
and tetrathiotetracene (see Table 1). These effects are due
to the increase in intermolecular interaction forces when
chlorine and sulfur atoms, respectively, are introduced
into the tetracene molecule.

In the Table 2 presents the position of the edge of the
intrinsic absorption of thin films of phthalocyanine
deposited by us and a number of its derivatives based on
the approximation of their optical absorption spectra.

Table 2
Position of the edge of the intrinsic optical absorption in
thin films of phthalocyanines

No Organic The wavelength of the intrinsic
s/p semiconductor optical absorption edge, nm
1. HzPc 412

2. Cu2Pc 546

3. CIAICIPc 617

4. PbPc 709

For phthalocyanines, a long-wavelength shift of the
absorption edge is observed when atoms of heavy
elements, for example, lead, are introduced into the
molecule. This is due to the fact that the heavy lead atom
goes beyond the plane of the molecule, and its interaction
with the z-electron system of the phthalocyanine ring of
the neighboring molecule increases significantly
(Davydenko et al., 2016). When atoms of lighter elements
are introduced into the phthalocyanine molecule, their
planarity is not disturbed, and the long-wavelength shift
of the edge is much smaller (see Table 2).

In thin OS films, by varying the technological
conditions of production, it is possible to change their
crystalline and, therefore, their energy structure. This is
confirmed by the optical absorption spectra of pentacene
thin films obtained at different substrate temperatures in
comparison with the absorption spectrum of a single
crystal. In the long-wavelength region of the optical
absorption spectra of an oriented crystalline film and a
single crystal, a- and b-components of the David splitting
of the 1st singlet transition are observed. In the quasi-
amorphous film, instead of the Davidian doublet, a more
intense b-component of the Ist transition is observed,
which indicates the absence of Davidian splitting and is
related to the chaotic arrangement of molecules (Corpinot
& Bucar, 2019).

Already one of the first studies of the optical
absorption spectra of phthalocyanine films obtained by
vacuum sputtering showed their strong dependence on the
crystal structure, which was determined by the
temperature of the substrate during vacuum sputtering.
Most often, such a dependence is observed in the area of
the lowest energy, so-called Q-transitions. The absorption
caused by these transitions is mainly in the spectral region
1.5..2.5 eV and consists of two intense broad and
partially overlapping bands or bands (1.6...1.8 eV), which
are denoted by Ox, Qy, and are associated with electronic
transitions of Frenkel excitons, and with at least two
weaker bands associated with intramolecular vibrations in
the region of 2.0...2.5 eV. Common to most
phthalocyanines is that the intensity of the Qx band
(1.7...1.8 eV) in a-form films is greater than the intensity
of the Oy band (1.6...1.7 eV), and in b-form films — on
the contrary, which can be used to identify their crystal
structure.

This dependence is characteristic of phthalocyanine
films with the most symmetrical molecules, a typical
representative of which is CuPc. With decreasing
symmetry of Pc molecules, that is, with increasing ionic
radius and atomic mass of their central atom, this
dependence becomes more complicated. This is due to the
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contribution of transitions caused by states (excitons) with
charge transfer, which are not present in Pc molecules, as
well as the interaction of nearby molecules of the crystal
lattice. The intensity of such transitions in CuPc is low
and they appear as an inflection on the long-wavelength
side of the Oy band, and their existence can be proven by
absorption data.

The intensity of the z-bands, which indicate
absorption in the visible and near-ultraviolet and infrared
regions, increases, and the energy of the maximum
decreases in the range of CuPc, H,Pc, GaCIPc, VOPc,
PbPc. As a result, the intensity of the z-bands in PbPc
crystals of triclinic modification is greater than the
intensity of the (O-bands, and their maximum is at 1.35
eV, which affects the dependence of the absorption band
parameters on the Ts values. In PbPc films, the Ox- and
Qy-bands strongly overlap, and only the electronic QOx-
band with a maximum at 1.8 eV and a z-band with a
maximum at 1.4 eV are clearly visible. With increasing
Ts, i.e., when transitioning from a monoclinic to a triclinic
modification, the intensity of the Ox-bands decreases, and
the Qy-band increases. The maximum intensity of the Qy-
bands, and therefore the content of crystals of the triclinic
modification, is observed at values of Ts = 460...480 K.

To confirm such data, the reflection spectra of PbPc
films obtained at 75 = 300 and 480 K, as well as the
corresponding single crystals of triclinic modification in
unpolarized light, were investigated. Measurements
showed that the reflection spectra of single crystals and
films at 75 = 480 K are very close to each other and differ
significantly from the reflection spectra of films at Ts =
300 K. Note that the optical density Dk of the films at iv
=2.0£0.02 eV is the same (does not depend on the crystal
structure of the films with an accuracy of up to 5 %, that
is, twice the accuracy of measuring the thickness of thin
PbPc films, equal to approximately 10 nm). Since there is
a possible scatter of experimental data (weak dependence
of film thickness on Ts values), to prove the presence of
an isosbestic point at Av = 2.0 eV, we measured the
absorption spectra of films obtained simultaneously at Ts
= 300 K before and after one-hour annealing at different
temperatures from the range of 380—500 K. The spread of
Dk values before annealing was 1 %, and after annealing
—3 %. This made it possible to use the Dk value to control
the thickness of the films after sputtering, and the ratio of
the optical densities in the area of the Oy-band maximum
and the Dk values to qualitatively control the content of
triclinic crystallites in the films. The relevant comparisons
showed that the ratio (Dr — Dg)/2Dk in the first
approximation is proportional to the content of triclinic
modification in PbPc films. To qualitatively control the
content of this modification, you can also use the ratio of
Dyg values to the optical density D in the absorption
maximum of the obviously monoclinic modification at iv
= 1.8 eV. The possibility of estimating the content of
monoclinic modification from the absorption spectra of
PbPc films remains debatable, since the absorption and
reflection spectra of crystals of monoclinic modification
were not measured due to their small size, and a peak at
Ts = 400£10 K observed on the dependence of Dr/Dx on
Ts, which only allows us to predict at these Ts values, the
maximum content of monoclinic modification.

Similar regularities were observed by us for other
metallophthalocyanines, while the position of the
isosbestic point depends slightly on the nature of the
central atom. Polyacene films also have spectral regions
in which the optical absorption coefficient does not
depend on the crystalline structure of the films. For
example, in Pn films, when Ts values increase from 100 to
400 K, a smooth transition from a quasi-amorphous to an
oriented polycrystalline film is observed, which is
accompanied by a significant decrease in the absorption
coefficient in the region of the h-component of the David
doublet with a maximum at Av = 1.87 eV, and in the
region of the electron-vibrational transition Av = 2.0-2.25
eV, it practically does not change.

Conclusions

In this article, it is experimentally confirmed that the
planar structure of atoms of molecular crystals, in
particular, linear acenes, and therefore the number of 7-
electrons responsible for exciton absorption in the visible
region of the spectrum determines the position of the edge
of their own optical absorption. It was also confirmed that
the long-wavelength shift of the optical absorption edge
of thin films of phthalocyanines is observed when atoms
of heavy elements, for example, lead, are introduced into
the molecule. When atoms of lighter elements are
introduced into the phthalocyanine molecule, their
planarity is not disturbed, and the long-wavelength shift
of the edge is much smaller. An explanation of such
changes is presented based on the interaction of foreign
atoms with the z-electron system of phthalocyanine rings
of neighboring molecules.

The significant influence of the technological
parameters of production, in particular the temperature of
the substrate during thermal sputtering, on the crystal
structure and optical properties of thin films of linear
polyacenes and metallophthalocyanines has been
demonstrated and substantiated. The possibility of
controlling and presetting the necessary properties of thin-
film condensates of molecular crystals is shown.

Prospects for further research. In further research, the
optimization of methods for obtaining thin films of
multicomponent organic semiconductors should be
continued in order to improve their properties. For this,
new designs of devices for the synthesis of thin films
should be developed and technological regulations for
their production should be improved.
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