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Abstract—The history of the development of the molecular layering method is described, the fi elds and results of 
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countries starting from the late 1970s are also discussed.
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INTRODUCTION

The molecular layering method developed more than 
half-century ago by Soviet scientists S.I. Kol’tsov and 
V.B. Aleskovskii occupies today a prominent place in the 
fi eld of nanotechnologies based on chemical methods. Up 
to the mid-1970s, studies in this fi eld were developed 
virtually exclusively in the Soviet Union: fi rst at the 
Leningrad Lensovet Institute of Technology, where 
possible pathways of chemical transformations of 
solids, based on the “core” hypothesis formulated by 
Aleskovskii in 1952 [1, 2], were studied, and then at 
the Leningrad State University, where Aleskovskii was 
appointed a rector in 1975 [3] and where a research team 
from the Institute of Technology came work with him.

Since the late 1970s–early 1980s, researchers 
from other countries started to publish papers in this 
fi eld: Suntola et al. (Finland) [4], Damyanov et al. 
(Bulgaria) [5], and Öhlmann et al. (former GDR) [6]. 
Later, the number of papers in the fi eld of molecular 
layering grew in the geometric progression, and since 

the 1970s virtually all the leading countries of Europe, 
Southeastern Asia, and America not only pursue studies 
but also perform commercialization of the results 
obtained in the fi eld of molecular layering.

Molecular layer deposition is the term accepted by the 
international scientifi c community. In some early papers 
published beyond the former Soviet Union, e.g., in the 
fi rst studies by T. Suntola, the process was termed atomic 
layer epitaxy (ALE) [7], which does not correspond to 
the mechanism of the chemical transformations of solids 
on which the molecular layering method is based. Today, 
beyond Russia, the method is most commonly termed 
atomic layer deposition (ALD) [8–11].

In a defi nite step of studies in the fi eld of molecular 
layering (beginning of the XXI century), the history 
of the development of the new technology, its 
sources, and dynamics of the process started to attract 
researchers’ attention. More than 120 reviews on this 
subject have been published in the past 20 years. Their 
authors analyzed not only the general approaches 
and achievements of the molecular layering method 
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[9–21], but also the prospects for the further progress 
and use of the method [22–26]. Such problems were 
considered as chemical aspects of molecular layering 
[27, 28], phase formation [29], conformity [30] and 
molecular design of the deposited coatings [31, 32], 
technology of deposition of oxide [33, 34] and nitride 
(AlN) coatings [35], and potentialities of the method 
in formation of thin fi lms on fi nely dispersed materials 
[36–42]; the use of the new technology in the production 
of items for microelectronics [8, 43, 44], photonics [45], 
and sensorics [46] of materials for alternative power 
engineering [47–49] and in the development of catalysts 
[50, 51] and of organo-inorganic hybrid materials 
[52–55] was discussed. Some historical aspects of the 
development of the new precision technology were 
considered in [56, 57]. Because in the Soviet period of 
the development of the molecular layering method the 
information exchange of Soviet researchers with foreign 
colleagues was very limited, it was commonly believed 
in the world that the molecular layering method was 
invented by Finnish physicist T. Suntola. For example, 
in [58] new achievements in microelectronics were 
attributed to the development of the atomic layer epitaxy 
by Finnish researchers. Aleskovskii’s and Kol’tsov’s 
disciples sent a letter to the Solid State Technology 
journal with the information on earlier studies on 
molecular layering [59] to highlight the Russian priority 
in this fi eld. However, only in the past decade, with 
the publication of papers concerning the history of the 
development of the molecular layering, the world’s 
scientifi c community got reliable information on the 
sources of the new synthetic technique [57, 60–64]. We 
should pay tribute to a number of foreign researchers 
who refi ned data on the pioneering studies in the fi eld 
of molecular layering [65] after the previously made 
incorrect presentation [56].

The fi rst part of the review deals with the history of 
the development of basic principles and progress of the 
molecular layering method in the XX century.

BASIC PRINCIPLES OF THE MOLECULAR 
LAYERING METHOD

Based on analysis of studies by Berthollet, Proust, 
Mendeleev, Shilov, and other chemists, Aleskovskii in 
the 1950s suggested his own concept of the structure of 
solids and their possible transformation pathways. This 
concept is based on the “core hypothesis” formulated 

by Aleskovskii in 1952 in the doctoral dissertation 
[1]. Its principles are presented in detail in [2, 66, 
67]. According to the “core hypothesis” [2, 68, 69], 
the chemical structure of any solid (crystalline or 
amorphous, inorganic or organic) consists of a core, 
i.e., a superpolyatomic radical consisting of structural 
units А linked into a common entity by covalent (ionic, 
metallic) bonds, and functional groups В1, В2, В3, etc., 
enveloping it (Fig. 1).

The atoms constituting the core of a solid are 
its structural units. They include atoms of tri- and 
tetravalent elements forming very strong bonds with 
each other (Al, Fe, B, C, Si, etc.), often in combination 
with atoms of oxygen (Si–О–Si, Si–О–Al) or other 
elements. Functional groups В on the core surface are 
structural units that may contain both atoms of mono-,
bi-, and trivalent elements (H, O, K, Na, Fe) and 
polyatomic groups (OH, SO2H, NH2, etc.). The common 
feature of functional groups, distinguishing them from 
the core structural units, is that they are not bonded with 
each other and are bonded only with the corresponding 
structural units А via А–В bonds. In accordance with 
the chemical model of a solid, any core is either a 
macroradical (e.g., of carbon in diamond) or a polyion 
(e.g., of an aluminum oxide core in which the chemical 
bonds between the structural units are ionic-covalent).

In accordance with Aleskovskii’s chemical model, 
the formula of a solid can be presented as 

 [A]aB,

where a is a stoichiometric coeffi  cient characterizing 
the number of chemical equivalents of the core per 
chemical equivalent of functional groups.

The dual nature of solids, i.e., the presence of the 
bulk and surface, refl ected in their core–functional 
chemical structure, predetermines two main types of 
their chemical transformations in which the chemical 
potentialities of the functional and structural units are 
realized:

(1) transformations involving functional groups on 
the core surface;

(2) transformations accompanied by degradation, 
changes in the composition, and rearrangement of 
the core, usually leading to changes in the chemical 
composition, structure, and weight of the macro body 
as a whole.
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Transformations of the first type are reactions 
yielding solids similar to the starting substances in 
the structure, molecular mass, and composition of the 
core and diff ering only in the set of functional groups 
(functional or analogous transformations). Chemical 
transformations of solids of the second type are 
macromolecular transformations involving structural-
chemical transformations of the core. It should be noted, 
however, that such transformations usually involve 

not only structural units of the core but also functional 
groups.

The molecular layering method is based on 
transformations of supramolecular substances via 
reactions of functional groups [2, 3, 66, 67, 69–73]. 
Based on the core-functional model, Aleskovskii and 
Kol’tsov suggested the classifi cation of various types 
of surface and core reactions involving supramolecular 
compounds; these types are presented in detail in 

Table 1. Functional and core series of solids

Series of solids Formula presentation
I. Functional series

1. Series of analogs … – An–s(AB)s – An–s(AC)s – An–s(AD)s – …

2.Genetic series:
(a) substitution 
(b) addition

An–s(AB)s – … – An–s(AB)s–x(AC)x – … – An–s(AC)s
An–s(AB)s – … – An–s(AB)s–x(AB … D)x – … – An–s(AB … D)s

3. Isologous series An–s(AB)s – … – An–s(AB)s–x(A•)x – … – An–s(A•)s

II. Core series
1. Homologous series: 
(a) of macromolecules
(b) of macroradicals

… – An–2s(AB)s – An–s(AB)s – An(AB)s – An+s(AB)s – …
… – An–2s(А•)s – An–s(А•)s – An(А•)s – An+s(А•)s – …

2. Isomorphic series An–s(AB)s – … – An–s–xMx(AB)s–y(MB)y – …
3. Polymorphic series An–s(AB)s – … – An–s–xAʹx (AB)s–y(AʹB)y – … – Aʹn–s(AʹB)s

4. Inclusion series An–s(AB)s – … – An–s[N]x(AB)s – …
(A) Structural units of the initial core; (Аʹ) structural units having the same composition but forming a core of diff erent structure; (М) structural 
units of a new chemical composition; (В, С, D) functionals; (А•) surface radical; and ([N]) atom or molecule included in the core.

Fig. 1. Aleskovskii’s model of a solid.
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Kol’tsov’s doctoral dissertation [74] and in Aleskovskii’s 
books [2, 73].

The suggested classifi cation allowed the products of 
transformations of solids to be grouped into functional 
and core series (Table 1) diff ering in the molecular mass 
of the core (homologous series of solids) and, in the case 
when the core remains unchanged, in the set of functional 
groups on the surface (pseudomorphoses, genetic series 
of solids).

In accordance with such approach, the diversity 
of chemical and structural changes in a solid relative 
to its ideal composition and chemical structure is due 
to polyatomic composition, core–functional structure, 
and diversity of transformations of a solid. The 
transformations can be described by stoichiometric 
reactions (Fig. 2). It should be emphasized that these 
transformations form a common system presented in the 
form of a cone-shaped fi gure (for a normal homologous 
series) (Fig. 3). To each member of a homologous 
series, there corresponds a particle of radius Ki, where 
Ki is the number of structural units contained in the 
radius of the given particle. Two adjacent homologs 
diff er by the quantity ΔK = Ki+1 – Ki = 1, i.e., by the 
thickness of a monolayer of structural units. It follows 
from the homologous theory of structural-chemical 
transformations of solids, namely, from the organic 
relationship between the functional and core series, that 
functional reactions performed in a defi nite sequence 
can be used for forming on the surface of a solid a 
monomolecular layer of structural units linked to the 
core via chemical bonds.

Kol’tsov was the fi rst who started to study reactions 
with functional groups of a solid. He reported the fi rst 
data on the reaction of CCl4 with porous silica in 1963 
[77] and then on the reactions with silicon and titanium 
halides [78, 79], etc.

Studies developing and extending the views on 
synthetic features and potentialities of the molecular 
layering were performed in the 1960s under the guidance 
of Aleskovskii and Kol’tsov; layers of phosphorus, 
silicon, titanium, and germanium oxides and two-
component titanium–phosphorus oxide structures 
were obtained [78–83]. It was demonstrated using 
the developed procedure of continuous monitoring 
of the molecular layering process with a precision 
nondestructive ellipsometric method (allowing 
determination of the thickness of the synthesized layer 

with an accuracy of one monolayer) that the thickness 
of the oxide layer linearly increases with an increase in 
the number of molecular layering cycles [84, 85].

The experimental data obtained in the 1960–1970s 
show that molecular layering allows both synthesis of 
nanostructures of various chemical compositions on 
the surface of a solid matrix (monolayers, including 
multicomponent monolayers, Fig. 4c) and atom-by-
atom chemical assembling of surface nano-, micro-, 
and macrostructures by repeated alternation of chemical 
reactions in accordance with the preset program 
(Figs. 4a, 4b). It should be emphasized that the main 
requirement in performing reproducible synthesis by 
molecular layering is carrying out various steps of 
reactions of appropriate agents (AC4, AB4, NB4, NC4, 
MC4, Fig. 4) with functional groups of a solid (B, C, 
Fig. 4) under the conditions maximum far from the 
equilibrium.

Thus, virtually all the synthetic potentialities of 
the molecular layering method were experimentally 
demonstrated in the period from 1963 to 1976. The 
following materials were used as supports in the 
majority of studies (published in this period in Zhurnal 
Prikladnoi Khimii/Journal of Applied Chemistry of the 
USSR, Zhurnal Obshchei Khimii/Journal of General 
Chemistry of the USSR, Zhurnal Fizicheskoi Khimii/
Journal of Physical Chemistry of the USSR, Izvestiya 
Akademii Nauk SSSR, Ser. Khimicheskaya/Russian 
Chemical Bulletin, Izvestiya Akademii Nauk SSSR, 
Ser. Neorganicheskie Materialy/Inorganic Materials, 
and Izvestiya Vuzov, Khimiya i Khimicheskaya 
Tekhnologiya/ChemChemTech): samples of porous 
silica gels with the developed surface [78–82, 86–102], 
Aerosils [103], quartz fi bers [104], glass spheres [105]; 
carbon materials: carbon black [106, 107], diamonds 
[108, 109], and carbon fi bers [106, 110]; polymers [111, 
112]; plates of semiconductor grade silicon [84, 85, 
113], germanium [113, 114], silicon carbide [113, 115], 
and quartz [116]. The starting reagents in most cases 
were highly volatile liquid chlorides and oxychlorides 
of titanium [79, 80, 82, 84, 93, 104, 105, 110, 113, 
116], vanadium [97, 98, 103], phosphorus [89, 90, 92, 
111, 112], chromium [96, 115], boron (boron bromide) 
[99, 100], silicon (various silanes) [78, 85–88, 114], 
aluminum [95, 101], zinc [102], germanium [80, 81, 
91], tin [94], and carbon [106–109]. Depending on the 
chemical composition of the layers being synthesized, 
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Fig. 2. Classifi cation of functional transformations of solids [75].1

Substitution reaction Dissociation reactions

Addition reaction Inclusion reactions

Interfunctional reactions Redox reactions

––––––––––––––
1 Publication permission of St. Petersburg State Institute of Technology of August 31, 2021. Copyright 1987 St. Petersburg State Institute of 

Technology.
2 Publication permission of St. Petersburg State Institute of Technology of August 31, 2021. Copyright 1992 St. Petersburg State Institute of 

Technology.

Fig. 3. Systematization of products of analogous transformations of solids [76].2
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the second agent was either water vapor (to obtain oxide 
layers) or gaseous ammonia (to obtain nitride layers); in 
preparation of carbon layers, the support was alternately 
treated with carbon tetrachloride vapor and gaseous 
methane [73].

Along with electrophilic substitution of proton in 
functional groups, Malygin [117] performed molecular 
layering using redox reactions on the surface (Fig. 2). 
By this procedure, he prepared multicomponent oxide 
mono- and polylayers containing P–Ti, P–V, Ti–Cr, 
Cr–V, and Cr–P oxide and other structures [118–121].

In the period under consideration, all the experimental 
studies using dispersed and porous matrices were 
performed on batch fl ow-through laboratory installations 
under atmospheric conditions. The procedure was 
based on the scheme suggested by Kol’tsov in the 

early 1960s [2]. By the beginning of the 1970s, batch 
vacuum installations for the synthesis on mono- and 
polycrystalline matrices were developed and fabricated, 
and in 1977 the fi rst automated device for molecular 
layering at reduced pressure was constructed [56, 122].

Studies of the catalytic, sorption, electrophysical, and 
protective properties of products of various compositions 
and structures, prepared by molecular layering, revealed 
a number of important features (structural-size eff ects) 
related to the number of the molecular layering cycles 
[3, 25, 73]:

– monolayer effect, i.e., a sharp change in the 
properties of the material after 1–4 cycles of molecular 
layering;

– support coverage effect, which characterizes 
complete physical coverage of the matrix surface after 

Fig. 4. Schemes of chemical assembling of nanostructures on the surface of a solid by molecular layering.

Functional groups
Surface of a solid

(a) Layer of preset thickness

(b) Layers with preset arrangement of monolayers of 
diff erent chemical nature

(c) Multicomponent layers of preset composition

Mixture
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performing no less than 4–6 cycles of molecular layering;
– eff ect of multicomponent system;
– eff ect of mutual matching of the structure of the 

support and deposited layer.
Thus, in the 1960–1970s Aleskovskii, Kol’tsov, and 

their disciples developed in the former Soviet Union a 
powerful scientifi c and experimental base, which later 
served as a basis for the progress of applied studies and 
commercialization of the molecular layering processes.

DEVELOPMENT OF THE MOLECULAR
 LAYERING METHOD IN OTHER COUNTRIES

Initially studies on synthesis of solids by molecular 
layering were performed exclusively in the former Soviet 
Union at the Leningrad Lensovet Institute of Technology 
and Leningrad State University. Since the late 1970s, such 
studies were also initiated in other countries. Numerous 
papers were published not only in the former Soviet 
Union [123, 124], but also in Bulgaria [5, 125], former 
GDR [6, 123, 126, 127], and Finland [4]. Since the early 
1980s [128], the number of papers in this fi eld grew in 
the geometric progression (Fig. 5). 

Specifi cally in that period, the range of solid matrices 
used in molecular layering processes was considerably 
expanded. Also, organometallic precursors came into use 
[129] along with halides, which allowed expansion of the 
range of elements whose compounds can be synthesized 

on the surface. On the other hand, the first applied 
papers were published [130, 131], process equipment 
for implementing the molecular layering was developed 
[132, 133], and the fi rst materials prepared by the new 
technology were developed and brought into industrial 
use [134].

In 1983–1984, Suntola et al. patented a procedure 
termed atomic layer deposition for preparing zinc sulfi de 
layers and apparatus for its implementation [4]. In this 
patent, in contrast to previous patent [135] where the 
ZnS layer was prepared by molecular-beam epitaxy, zinc 
sulfi de layer on a glass support was prepared by repeated 
alternate treatment of the support with ZnCl2 vapor and 
gaseous H2S with the removal of excess reactants and 
gaseous by-products after each step; i.e., the principles 
of molecular layering were used.

In 1983, Aidla et al. [136] described the principles 
of atomic layer deposition; actually, they literally 
repeated the principles of molecular layering presented 
in Kol’tsov’s doctoral dissertation [74] and in more than 
20 PhD dissertations and other papers long before 1983, 
e.g., [2, 73]. By the end of the XX century, Aleskovskii’s 
and Kol’tsov’s disciples defended about 100 PhD and 
about 10 doctoral dissertations dealing with molecular 
layering.

In addition to the previously used matrices, such 
materials were used as synthetic diamonds, tantalum, 
gallium arsenide, anodic aluminum and titanium oxides, 
synthetic opals, dispersed micas, photoluminophores, 
phenol–formaldehyde and epoxy–phenol materials, 
highly dispersed silicon and zinc oxides, and graphitic 
carbon materials [57].

The results of the previously performed basic and 
applied research formed the basis for setting up in the 
mid-1980s the production of new useful materials. 
The fi rst products obtained by molecular layering were 
brought into industrial use in the former Soviet Union: 
commercial silica gels modifi ed by the new process with 
phosphorus oxide layers (FS-1-3 sorbent for sorption 
of vapors of water, amines, and organic substances 
[137–139]) and with a vanadium oxide monolayer (IVS-1 
indicator sorbent for water vapor [140–142]). The new 
sorbents are still in use; they are supplied to enterprises 
and used for stabilization of the gas medium in sealed 
items for aviation instrument making and in other fi elds 
[13, 143, 144].

Fig. 5. Number of annually published scientifi c papers on 
molecular layering in the period from 1980 to 2010 [29].3

N
um
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r o

f p
ap

er
s

Year

–––––––––––––––––
3 Publication permission of AIP Publishing of July 26, 2021. Copy-

right 2013 AIP Publishing.
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Introduction into industry of new materials prepared 
by molecular layering stimulated the development not 
only of laboratory setups but also of prototype industrial 
installations for implementation of this process [145]. 
The major attention in the development of process 
equipment was paid to vacuum installations used for 
preparing thin-fi lm structures in electronics and adjacent 
fi elds [146].

However, in processes using friable materials when the 
process rate is strongly infl uenced by the hydrodynamic 
conditions in the gas–solid system, the molecular layering 
should be implemented in fl ow-through installations at 
atmospheric pressure. For example, the synthesis can be 
performed under conditions of fi xed or fl uidized bed.

Among studies aimed at the development of the 
process equipment in the early period of the development 
of the molecular layering method, we can distinguish 
studies by Drozd on the development of vacuum 
installations [57]. In the 1980s, Tolstoi et al. developed 
new fl ow-through installations for treatment of large 
items by molecular layering [147]. In the same period, 
Dergachev et al. developed, fabricated, and tested an 
automated multisection apparatus for treatment of friable 
materials in the fl uidized bed mode [148]. In contrast 
to traditional schemes of processes in semicontinuous 
apparatuses, when all the process steps were performed 
in the same reaction space, the suggested multisection 
apparatus provides for separation of gas streams in 
separate synthesis steps in the own reaction unit (Fig. 
6). This allows the process to be performed in the 
semicontinuous mode, considerably reduces the synthesis 
time, and eliminates the need for removing reactants and 
reaction products from the reaction space.

Studies performed in the last quarter of the XX century 
demonstrated not only broad synthetic potential of the 
molecular layering but also the feasibility of developing 
innovation materials for various purposes using this 
technique. Technological principles of the molecular 
layering method and apparatus for its implementation 
were developed, and the fi rst materials prepared by the 
novel technique were brought into industrial use. In 
that period, the geography of molecular layering (ALD) 
was considerably expanded; studies in this fi eld were 
initiated and performed on virtually all the continents in 
such countries as Japan, China, Republic of Korea, EU 
countries, the United States, Canada, Brazil, etc. [29, 33, 
56, 57, 128].

Thus, the results obtained by the beginning of the XXI 
century in the fi eld of synthesis of solid materials using 
nanotechnology based on molecular layering principles 
not only are of basic importance, but also demonstrate 
wide prospects for using the new precision process 
in various branches of industry: microelectronics and 
adjacent fi elds, sorption-catalytic materials, composites, 
polymers, etc.

METHODS FOR IDENTIFICATION
 OF MOLECULAR LAYERING PRODUCTS

Despite the facts that the molecular layering is 
based on principles ensuring formation of mono- and 
polylayers of preset composition and structure on the 

Fig. 6. Scheme of a multisection chemical reactor continuous 
with respect to the gas phase and semicontinuous with respect 
to the solid phase. (1) gas-distribution grid, (2) fall-down 
isolating unit, and (3) gas-distribution section.
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surface of solids in the course of the synthesis and that 
the thickness of the nanocoating formed is determined not 
by the reactant feeding time under equal other conditions 
but by the product of the growth constant (which can be 
conventionally defi ned as the coating thickness after one 
cycle of molecular layering) and the number of molecular 
layering cycles, it is necessary to identify the structure and 
composition of the target product using physicochemical 
methods.

Since publication of the fi rst papers on directional 
synthesis of solids by molecular layering in the 1960s, the 
experimental confi rmation of the process occurrence and 
evaluation of the composition of functional groups and 
thin coatings formed on the matrix surface was based on 
chemical [82, 83] or gravimetric [149–151] analysis. The 
development of the theory for spectral data processing 
and enormous progress of the data processing rate as 
high-performance computers became available allowed 
using ellipsometry for determining the coating thickness 
and optical characteristics [84, 85, 152–154]. The 
phase composition and grain structure (size of coherent 
scattering domains) of a coating could be evaluated only 
after performing several molecular layering cycles and 
obtaining a layer of the new phase with the thickness 
exceeding its unit cell dimensions [80], which well 
agrees with the support coverage eff ect. The distribution 
of structures formed on the matrix surface was assumed 
to be homogeneous, and the presence of the amorphous 
constituent in the coating was estimated from changes 
in the coherent scattering domain size in the course of 
heat treatment of the modifi ed materials [101, 113] or by 
performing quantitative X-ray diff raction measurements 
using an internal reference [155].

After the probe microscopy became available in 
research laboratories, atomic force microscopy (AFM) 
fi nds increasing use for analyzing the continuity and 
structure of a nanosized layer synthesized by molecular 
layering [156–167]. AFM allows identification of 
processes of the surface chemical modification and 
evaluation of the morphology, thickness, and local 
physicochemical properties of the conformal nanometer-
thick coating formed in the course of molecular layering. 
AFM is applicable both to fl at objects with undeveloped 
surface and to highly dispersed and highly porous 
materials except highly porous materials with irregular 
pore structure [168].

Diffuse reflectance spectroscopy in the UV and 
visible ranges is used for evaluating the sorption and 
catalytic properties of the synthesis products (and, 
correspondingly, for predicting the functional properties 
of chemical assembling products) since the 1970s [116, 
169, 170]. The procedure for deconvolution of the diff use 
refl ectance spectra into components, developed at the St. 
Petersburg State Institute of Technology [171], allows not 
only qualitative and quantitative characterization of the 
coordination state of the surface atoms [172], but also 
detection of structural changes on the surface of solid 
materials [173, 174].

CONCLUSIONS

In the fi rst part of the review, we considered historical 
aspects of the creation and development of the molecular 
layering technology based on Aleskovskii’s “core” 
hypothesis in the XX century. Analysis of the papers 
published by authors from the former Soviet Union and 
other countries confi rms the priority of the Soviet and 
then Russian research school headed by Aleskovskii 
and Kol’tsov, who developed and experimentally 
substantiated the principles of precision chemical 
synthesis. In the 1960–1970s, published papers on 
molecular layering belonged exclusively to Soviet 
researchers, and the fi rst papers in this fi eld by authors 
from other countries were published only in the late 
1970s. However, by the beginning of the XXI century 
studies aimed at the development of new materials using 
molecular layering were performed in all the industrially 
developed countries.

The development of technologies and methods of 
physicochemical investigation in the second half of the 
XX century allowed control of the synthesis course and 
characterization of the composition and physicochemical 
properties of the applied coatings on the level down to 
single monolayers.

Thus, nanotechnologies based on molecular layering 
principles became an actively developing fi eld of research 
by the end of the XX century, and novel products 
brought into use in various branches of industry have 
been obtained using this technique. The most promising 
direction of commercialization of the molecular layering 
technology is the development of products for micro-/
nanoelectronics, alternative power engineering, 
sorption, and catalysis.



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1031NANOTECHNOLOGY  OF  MOLECULAR  LAYERING

FUNDING

The review preparation was supported by the Russian 
Foundation for Basic Research (project no. 20-13-50088).

CONFLICT OF INTEREST

A.A. Malygin is the Deputy Editor-in-Chief of Zhurnal 
Prikladnoi Khimii/Russian Journal of Applied Chemistry. The 
other authors declare that they have no confl ict of interest.

REFERENCES

1. Aleskovskii, V.B., Core hypothesis and experience in 
preparation of some active solids, Doctoral Dissertation, 
Leningrad, 1952.

2. Aleskovskii, V.B., Stekhiometriya i sintez tverdykh 
soedinenii (Stoichiometry and Synthesis of Solids), 
Leningrad: Nauka, 1976.

3. Aleskovskii, V.B., Khimiya nadmolekulyarnykh soedinenii 
(Chemistry of Supramolecular Compounds), St. Petersburg: 
Sankt-Peterb. Gos. Univ., 1996.

4. Patent FI 57975 C, publ. 1980; Patent US 4413022 A, publ. 
1983; Patent SU 1085510 A3, Publ. 1984.

5. Damyanov, D. and Mekhandzhiev, D., Izv. Khim., Bulg. 
Akad. Nauk, 1976, vol. 9, no. 2, pp. 294–303.

6. Öhlmann, G., IIzv. Khim., Bulg. Akad. Nauk., 1980, vol. 18, 
no. 1, pp. 48–64.

7. Suntola, T. and Hyvarinen, J., Annu. Rev. Mater. Sci., 1985, 
vol. 15, no. 1, pp. 177–195.

 https://doi.org/10.1146/annurev.ms.15.080185.001141
8. Leskelä, M. and Ritala, M., Thin Solid Films, 2002, 

vol. 409, no. 1, pp. 138–146.
 https://doi.org/10.1016/S0040-6090(02)00117-7
9. George, S.M., Chem. Rev., 2010, vol. 110, no. 1, pp. 111–

131.
 https://doi.org/10.1021/cr900056b
10. Atomic Layer Deposition of Nanostructured Materials, 

Pinna, N. and Knez, M., Eds., Weinheim: Wiley–VCH, 
2012.

11. Atomic Layer Deposition (ALD): Fundamentals, 
Characteristics and Industrial Applications, Valdez, J., 
Ed., Hauppauge, NY: Nova Science, 2015.

12. Pakkala, A. and Putkonen, M., Handbook of Deposition 
Technologies for Films and Coatings, William Andrew, 
2010, pp. 364–391.

 https://doi.org/10.1016/B978-0-8155-2031-3.00008-9
13. Malygin, A.A., Ross. Khim. Zh., 2013, vol. LVII, no. 6, 

pp. 7–20.

14. Kääriäinen, T., Cameron, D., Kääriäinen, M.-L., and 
Sherman, A., Atomic Layer Deposition: Principles, 
Characteristics, and Nanotechnology Applications, New 
York: Wiley, 2013.

15. Johnson, R.W., Hultqvis, A., and Bent, S.F., Mater. Today, 
2014, vol. 17, no. 5, pp. 236–246. 

 https://doi.org/10.1016/j.mattod.2014.04.026
16. Malygin, A.A., Nanomaterialy: svoistva i perspektivnye 

prilozheniya (Nanomaterials: Properties and Promising 
Applications), Yaroslavtsev, A.B., Ed., Moscow: Knizhnyi 
Mir, 2014, pp. 84–113.

17. Hu, L., Qi, W., and Li, Y., Nanotechnol. Rev., 2017, vol. 6, 
no. 6, pp. 527–547. 

 https://doi.org/10.1515/ntrev-2017-0149
18. Mackus, A.J., Schneider, J.R., MacIsaac, C., Baker, J.G., 

and Bent, S.F., Chem. Mater., 2018, vol. 31, no. 4, 
pp. 1142–1183. 

 https://doi.org/10.1021/acs.chemmater.8b02878
19. Oviroh, P.O., Akbarzadeh, R., Pan, D., Coetzee, R.A.M., 

and Jen, T.C., Sci. Technol. Adv. Mater., 2019, vol. 20, no. 
1, pp. 465–496. 

 https://doi.org/10.1080/14686996.2019.1599694
20. Cai, J., Han, X., Wang, X., and Meng, X., Matter, 2020, 

vol. 2, no. 3, pp. 587–630.
 https://doi.org/10.1016/j.matt.2019.12.026
21. Nam, T. and Kim, H., J. Mater. Res., 2020, vol. 35, no. 7, 

pp. 656–680.
 https://doi.org/10.1557/jmr.2019.347
22. Parsons, G.N., George, S.M., and Knez, M., Mater. Res. 

Soc. Bull., 2011, vol. 36, no. 11, pp. 865–871. 
 https://doi.org/10.1557/mrs.2011.238
23. Poodt, P., Cameron, D.C., Dickey, E., George, S.M., 

Kuznetsov, V., Parsons, G.N., Roozeboom, F., 
Sundaram, G., and Vermeer, A., J. Vac. Sci. Technol. A, 
2012, vol. 30, no. 1, ID 010802.

 https://doi.org/10.1116/1.3670745
24. Shin, S., Ham, G., Jeon, H., Park, J., Jang, W., and Jeon, H., 

Korean J. Mater. Res., 2013, vol. 23, no. 8, pp. 405–422. 
 https://doi.org/10.3740/MRSK.2013.23.8.405
25. Malygin, А.А., Маlkov, А.А., and Sosnov, E.A., Russ. 

Chem. Bull., 2017, vol. 66, no. 11, pp. 1939–1962.
 https://doi.org/10.1007/s11172-017-1971-9 
26. Subramanian, A., Tiwale, N., and Nam, C.Y., JOM, 2019, 

vol. 71, no. 1, pp. 185–196.
 https://doi.org/10.1007/s11837-018-3141-4
27. Leskelä, M. and Ritala, M., Angew. Chem. Int. Ed., 2003, 

vol. 42, no. 45, pp. 5548–5554. 



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1032 SOSNOV  et  al.

 https://doi.org/10.1002/anie.200301652
28. Ishikawa, K., Karahashi, K., Honda, M., Matsui, M., 

Chang, J.P., George, S.M., Kessels, W.M.M., Lee, H.J., 
Tinck, S., Um, J.H., Tatsumi, T., Higashi, S., and 
Kinoshita, K., Jpn. J. Appl. Phys., 2017, vol. 56, 
ID 06HA02.

 https://doi.org/10.7567/JJAP.56.06HA02
29. Miikkulainen, V., Leskelä, M., Ritala, M., and 

Puurunen, R.L., J. Appl. Phys., 2013, vol. 113, no. 2, 
ID 021301.

 https://doi.org/10.1063/1.4757907
30. Cremers, V., Puurunen, R.L., and Dendooven, J., Appl. 

Phys. Rev., 2019, vol. 6, no. 2, ID 021302.
 https://doi.org/10.1063/1.5060967
31. Mackus, A.J.M., Bol, A.A., and Kessels, W.M.M., 

Nanoscale, 2014, vol. 6, no. 19, pp. 10941–10960.
 https://doi.org/10.1039/C4NR01954G
32. Parsons, G.N. and Clark, R.D., Chem. Mater., 2020, vol. 32, 

no. 12, pp. 4920–4953.
 https://doi.org/10.1021/acs.chemmater.0c00722
33. Puurunen, R.L., J. Appl. Phys., 2005, vol. 97, no. 12, 

ID 121301. 
 https://doi.org/10.1063/1.1940727
34. Ponraj, J.S., Attolini, G., and Bosi, M., Crit. Rev. Solid 

State Mater. Sci., 2013, vol. 38, no. 3, pp. 203–233.
 https://doi.org/10.1080/10408436.2012.736886
35. Yun, H.J., Kim, H., and Choi, B.J., Korean J. Mater. Res., 

2019, vol. 29, no. 9, pp. 567–577.
 https://doi.org/10.3740/MRSK.2019.29.9.567
36. King, D.M., Liang, X., and Weimer, A.W., Powder 

Technol., 2012, vol. 221, pp. 13–25. 
 https://doi.org/10.1016/j.powtec.2011.12.020
37. Adhikari, S., Selvaraj, S., and Kim, D.-H., Adv. Mater. 

Interfaces, 2018, vol. 5, no. 16, ID 1800581. 
 https://doi.org/10.1002/admi.201800581
38. Van Ommen, J.R. and Goulas, A., Mater. Today Chem., 

2019, vol. 14, ID 100183.
 https://doi.org/10.1016/j.mtchem.2019.08.002
39. Weimer, A.W., J. Nanopart. Res., 2019, vol. 21, no. 1, ID 9.
 https://doi.org/10.1007/s11051-018-4442-9
40. Li, Z., Li, J., Liu, X., and Chen, R., Chem. Eng. Process., 

2020, vol. 159, ID 108234.
 https://doi.org/10.1016/j.cep.2020.108234
41. Cao, K., Cai, J., Shan, B., and Chen, R., Sci. Bull., 2020, 

vol. 65, no. 8, pp. 678–688. 
 https://doi.org/10.1016/j.scib.2020.01.016

42. Hu, Y., Lu, J., and Feng, H., RSC Adv., 2021, vol. 11, no. 20, 
pp. 11918–11942.

 https://doi.org/10.1039/D1RA00326G
43. Zaera, F., J. Mater. Chem., 2008, vol. 18, no. 30, pp. 3521–

3526.
 https://doi.org/10.1039/B803832E
44. Atomic Layer Deposition for Semiconductors, Hwang, C.S., 

Ed., Boston, MA: Springer, 2014.
45. Yoshimura, T., Thin-Film Organic Photonics. Molecular 

Layering and Applications, Taylor & Francis, 2011. 
46. Marichy, C. and Pinna, N., Adv. Mater. Interfaces, 2016, 

vol. 3, no. 21, ID 1600335.
 https://doi.org/10.1002/admi.201600335
47. Atomic Layer Deposition in Energy Conversion 

Applications, Bachmann, J., Ed., Weinheim: Wiley–VCH, 
2017.

48. Park, H.H., Nanomaterials, 2021, vol. 11, no. 1, ID 88.
 https://doi.org/10.3390/nano11010088
49. Yang, Z., Zhang, L., Liu, J., Adair, K., Zhao, F., Sun, Y., 

Wu, T., Bi, X., Amine, K., Lu, J., and Sun, X., Chem. Soc. 
Rev., 2021, vol. 50, no. 6, pp. 3889–3956. 

 https://doi.org/10.1039/D0CS00156B
50. O’Neill, B.J., Jackson, D.H.K., Lee, J., Canlas, C., 

Stair, P.C., Marshall, C.L., Elam, J.W., Kuech, T.F., 
Dumesic, J.A., and Huber, G.W., ACS Catal., 2015, vol. 5, 
no. 3, pp. 1804–1825. 

 https://doi.org/10.1021/cs501862h
51. Lu, J., Elam, J.W., and Stair, P.C., Surf. Sci. Rep., 2016, 

vol. 71, no. 2, pp. 410–472.
 https://doi.org/10.1016/j.surfrep.2016.03.003
52. Sundberg, P. and Karppinen, M., Beilstein J. Nanotechnol., 

2014, vol. 5, no. 1, pp. 1104–1136.
 https://doi.org/10.3762/bjnano.5.123
53. Gregorczyk, K. and Knez, M., Prog. Mater. Sci., 2016, 

vol. 75, pp. 1–37. 
 https://doi.org/10.1016/j.pmatsci.2015.06.004
54. Meng, X., J. Mater. Chem. A, 2017, vol. 5, no. 35, 

pp. 18326–18378. 
 https://doi.org/10.1039/C7TA04449F
55. Ashurbekova, K., Ashurbekova, K., Botta, G., 

Yurkevich, O., and Knez, M., Nanotechnology, 2020, 
vol. 31, no. 34, ID 342001.

 https://doi.org/10.1088/1361-6528/ab8edb
56. Parsons, G.N., Elam, J.W., George, S.M., Haukka, S., 

Jeon, H., Kessels, W.M.M., Leskela, M., Poodt, P., 
Ritala, M., and Rossnagel, S.M., J. Vac. Sci. Technol. A, 
2013, vol. 31, no. 5, ID 050818. 



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1033NANOTECHNOLOGY  OF  MOLECULAR  LAYERING

 https://doi.org/10.1116/1.4816548
57. Malygin, A.A., Drozd, V.E., Malkov, A.A., and 

Smirnov, V.M., Chem. Vap. Deposition, 2015, vol. 21, 
nos. 10–12, pp. 216–240.

 https://doi.org/10.1002/cvde.201502013
58. Demmin, J.C., Solid State Technol., 2001, vol. 44, no. 1, 

pp. 70–72.
59. Malygin, A.A. and Smirnov, V.M., Solid State Technol., 

2002, vol. 45, no. 3, p. 14.
60. Ahvenniemi, E., Akbashev, A.R., Ali, S., Bechelany, M., 

Berdova, M., Boyadjiev, S., Cameron, D.C., Chen, R., 
Chubarov, M., Cremers, V., Devi, A., Drozd, V., 
Elnikova, L., Gottardi, G., Grigoras, K., Hausmann, D.M., 
Hwang, Ch.S., Jen, Sh.-H., Kallio, T., Kanervo, J., 
Khmelnitskiy, I., Kim Do Han, Klibanov, L., Koshtyal, Yu., 
Krause, A.O.I., Kuhs, J., Karkkanen, I., Kaariainen, M.-L., 
Kaariainen, T., Lamagna, L., Lapicki, A.A., Leskela, M., 
Lipsanen, H., Lyytinen, J., Malkov, A., Malygin, A., 
Mennad, A., Militzer, Ch., Molarius, J., Norek, M., 
Ozgit-Akgun, C., Panov, M., Pedersen, H., Piallat, F., 
Popov, G., Puurunen, R.L., Rampelberg, G., Ras, R.H.A., 
Rauwel, E., Roozeboom, F., Sajavaara, T., Salami, H., 
Savin, H., Schneider, N., Seidel, T.E., Sundqvist, J., 
Suyatin, D.B., Torndahl, T., van Ommen, J.R., Wiemer, C., 
Ylivaara, O.M.E., and Yurkevich, O., J. Vac. Sci. Technol. 
A, 2017, vol. 35, no. 1, ID 010801.

 https://doi.org/10.1116/1.4971389
61. Aarik, J., Akbashev, A.R., Bechelany, M., Becker, J.S., 

Berdova, M., Cameron, D., Drozd, V.E., Dubourdieu, C., 
Elam, J., Elliott, S., Gottardi, G., Grigoras, K., Kanervo, J.M., 
Koshtyal, Yu., Kaariainen, M.-L., Kaariainen, T., Lamagra, 
L., Malkov, A., Malygin, A., Molarius, J., Nikkola, J., 
Ozgit-Akgun, C., Pedersen, H., Puurunen, R.L., Pyymaki 
Perros, A., Ras, R.H.A., Roozeboom, F., Sajavaara, 
T., Savin, H., Seidel, T.E., Sundberg, P., Sundqvist, J., 
Tallarida, M., van Ommen, J.R., Wiemer, C., and Ylivaara, 
O.M.E., Abstracts of Papers, 14th Int. Conf. on Atomic 
Layer Deposition (ALD 2014), Kyoto, 2014, p. 169.

62. Aarik, J., Akbashev, A.R., Bechelany, M., Becker, J.S., 
Berdova, M., Cameron, D., Drozd, V.E., Dubourdieu, C., 
Elam, J., Elliott, S., Gottardi, G., Grigoras, K., 
Kanervo, J.M., Koshtyal, Yu., Kaariainen, M.-L., 
Kaariainen, T., Lamagra, L., Malkov, A., Malygin, A., 
Molarius, J., Nikkola, J., Ozgit-Akgun, C., Pedersen, H., 
Puurunen, R.L., Pyymaki Perros, A., Ras, R.H.A., 
Roozeboom, F., Sajavaara, T., Savin, H., Seidel, T.E., 
Sundberg, P., Sundqvist, J., Tallarida, M., van Ommen, J.R., 
Wiemer, C., and Ylivaara, O.M.E., Abstracts of Papers, 
14th Int. Conf. on Atomic Layer Deposition (ALD 2014), 

Kyoto, 2014, p. 170.
63. Aarik, J., Aav, J., Ahvenniemi, E., Akbashev, A.R., 

Ali, S., Bechelany, M., Berdova, M., Bodalyov, I., 
Boyadjiev, S., Cameron, D., Chekurov, N., Chen, R., 
Chubarov, M., Cremers, V., Devi, A., Drozd, V.E., 
Elnikova, L., Gottardi, G., Goulas, A., Grigoras, K., 
Hausmann, D., Hwang, Ch.S., Jen, Sh.-H., Junige, M., 
Kallio, T., Kanervo, J., Khmelnitskiy, I., Kim, D.H., 
Klibanov, L., Koshtyal, Yu., Krause, O., Kuhs, Ja., 
Kärkkänen, I., Kääriäinen, M.-L., Kääriäinen, T.O., 
Lamagna, L., Łapicki, A., Leskelä, M., Lipsanen, H., 
Malkov, A., Malygin, A., Mattelaer, F., Mennad, A., 
Militzer, Ch., Molarius, Jy., Norek, M., Ozgit-Akgun, C., 
Panov, M., Pedersen, H., Peña, L.F., Piallat, F., Popov, G., 
Puurunen, R.L., Perros, A.P., Rampelberg, G., Ras, R.H.A., 
Rauwel, E., Roozeboom, F., Sajavaara, T., Salami, H., 
Savin, H., Schneider, N., Seidel, Th.E., Sundberg, P., 
Sundqvist, J., Suyatin, D., Tallarida, M., Törndahl, T., 
Utriainen, M., van Ommen, J.R., Waechtler, Th., 
Weckman, T., Wiemer, C., Yim, J., Ylivaara, O.M.E., and 
Yurkevich, O., Abstracts of Papers, EuroCVD 22–Baltic 
ALD 16 Conf., Luxembourg, 2019, ID P. 1–13.

64, Puurunen, R.L., ECS Trans., 2018, vol. 86, no. 6, pp. 3–17.
 https://doi.org/10.1149/08606.0003ecst
65. Parsons, G.N., Elam, J.W., George, S.M., Haukka, S., 

Jeon, H., Kessels, W.M.M., Leskela, M., Poodt, P., 
Ritala, M., and Rossnagel, S.M., J. Vac. Soc. Technol. A, 
2020, vol. 38, no. 3, ID 037001.

 https://doi.org/10.1116/6.0000143
66, Aleskovskii, V.B., J. Appl. Chem. USSR, 1974, vol. 47, 

no. 10, pp. 2207–2217.
67. Aleskovskii, V.B., Vestn. Akad. Nauk SSSR, 1975, vol. 45, 

no. 6, pp. 48–52.
68. Aleskovskii, V.B., Voprosy khimicheskoi kinetiki, kataliza i 

reaktsionnoi sposobnosti (Problems of Chemical Kinetics, 
Catalysis, and Reactivity), Moscow: Akad. Nauk SSSR, 
1955.

69. Aleskovskii, V.B., Some Relationships of Reactions of 
Macromolecular Compounds with Low-Molecular-Mass 
Compounds, Leningrad: Leningr. Elektrotekh. Inst., 1963.

70. Kol’tsov, S.I., Abstracts of Papers, Nauchno-tekhnicheskaya 
konferentsiya Leningradskogo tekhnologicheskogo 
instituta im. Lensoveta (Scientifi c and Technical Conf. of 
the Leningrad Lensovet Inst. of Technology), Leningrad: 
Leningr. Lensovet Inst. of Technol., 1963, p. 27.

71. Aleskovskii, V.B. and Kol’tsov, S.I., Abstracts of Papers, 
Nauchno-tekhnicheskaya konferentsiya Leningradskogo 
tekhnologicheskogo instituta im. Lensoveta Scientific 



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1034 SOSNOV  et  al.

and Technical Conf. of the Leningrad Lensovet Inst. 
of Technology), Leningrad: Leningr. Lensovet Inst. of 
Technol., 1965, p. 67.

72. Kol’tsov, S.I. and Aleskovskii, V.B., Abstracts of Papers, 
Nauchno-tekhnicheskaya konferentsiya Leningradskogo 
tekhnologicheskogo instituta im. Lensoveta (Scientifi c and 
(Scientifi c and Technical Conf. of the Leningrad Lensovet 
Inst. of Technology), Leningrad: Leningr. Lensovet Inst. 
of Technol. 1967, pp. 13–15.

73. Aleskovskii, V.B., Khimiya tverdykh veshchestv (Chemistry 
of Solids), Moscow: Vysshaya Shkola, 1978.

74. Kol’tsov, S.I., Synthesis of Solids by Molecular Layering, 
Doctoral Dissertation, Leningrad, 1971.

75. Kol’tsov, S.I., Sostav i khimicheskoe stroenie tverdykh 
veshchestv (Composition and Chemical Structure of 
Solids), Leningrad: Leningrad: Leningr. Lensovet Inst. of 
Technol., 1987.

76. Kol’tsov, S.I., Reaktsii molekulyarnogo naslaivaniya 
(Molecular Layering Reactions), St. Petersburg: Sankt-
Peterb. Tekhnol. Inst., 1992.

77. Kol’tsov, S.I. and Aleskovskii, V.B., Silikagel’, ego stroenie 
i khimicheskie svoistva (Silica Gel, Its Structure and 
Chemical Properties), Leningrad: Goskhimizdat, 1963.

78. Kol’tsov, S.I. and Aleskovskii, V.B., J. Phys. Chem. USSR, 
1967, vol. 41, no. 3, pp. 336–337.

79. Kol’tsov, S.I. and Aleskovskii, V.B., J. Phys. Chem. USSR, 
1968, vol. 42, no. 5, pp. 630–632.

80. Shevyakov, A.M., Kuznetsova, G.N., and Aleskovskii, V.B., 
Khimiya vysokotemperaturnykh materialov (Chemistry of 
High-Temperature Materials), Leningrad: Nauka, 1967, 
pp. 149–155.

81. Kol’tsov, S.I., Aleskovskii, V.B., Kuznetsova, G.N., and 
Roslyakova, N.G., Inorg. Mater., 1967, vol. 3, no. 8, 
pp. 1318–1319.

82. Kol’tsov, S.I., J. Appl. Chem. USSR, 1969, vol. 42, no. 5, 
pp. 975–979.

83. Kol’tsov, S.I., Volkova, A.N., and Aleskovskii, V.B., 
J. Appl. Chem. USSR, 1969, vol. 42, no. 5, pp. 980–984.

84. Sveshnikova, G.V., Kol’tsov, S.I., and Aleskovskii, V.B., 
J. Appl. Chem. USSR, 1970, vol. 43, no. 2, pp. 432–434.

85. Sveshnikova, G.V., Kol’tsov, S.I., and Aleskovskii, V.B., 
J. Appl. Chem. USSR, 1970, vol. 43, no. 5, pp. 1155–1157.

86. Kol’tsov, S.I., J. Appl. Chem. USSR, 1965, vol. 38, no. 6, 
p. 1352.

87. Kol’tsov, S.I., Kuznetsova, G.N., and Aleskovskii, V.B., 
Inorg. Mater., 1967, vol. 3, no. 5, pp. 800–801.

88. Kol’tsov, S.I., Kuznetsova, G.N., and Aleskovskii, V.B., 
J. Appl. Chem. USSR, 1967, vol. 40, no. 12, pp. 2644–2646.

89. Volkova, A.N., Kol’tsov, S.I., and Aleskovskii, V.B., Inorg. 
Mater., 1969, vol. 5, no. 1, pp. 178–179.

90. Volkova, A.N., Kol’tsov, S.I., and Aleskovskii, V.B., Izv. 
Vyssh. Uchebn. Zaved., Khim. Khim. Tekhnol., 1969, 
vol. 12, no. 3, pp. 247–249.

91. Kol’tsov, S.I. and Aleskovskii, V.B., J. Appl. Chem. USSR, 
1969, vol. 42, no. 9, pp. 1838–1842.

92. Kol’tsov, S.I., Volkova, A.N., and Aleskovskii, V.B., Izv. 
Vyssh. Uchebn. Zaved., Khim. Khim. Tekhnol., 1969, 
vol. 12, no. 12, pp. 1633–1636.

93. Kol’tsov, S.I., J. Appl. Chem. USSR, 1970, vol. 43, no. 9, 
pp. 1976–1979.

94. Rachkovskii, R.R., Kol’tsov, S.I., and Aleskovskii, V.B., 
J. Inorg. Chem. USSR, 1970, vol. 15, no. 11, pp. 1646–
1647.

95. Kopylov, V.B., Volkova, A.N., Kol’tsov, S.I., Smirnov, V.M., 
and Aleskovskii, V.B., Izv. Vyssh. Uchebn. Zaved., Khim. 
Khim. Tekhnol., 1972, vol. 15, no. 6, pp. 957–959.

96. Volkova, A.N., Malygin, A.A., Smirnov, V.M., 
Kol’tsov, S.I., and Aleskovskii, V.B., J. Gen. Chem. USSR, 
1972, vol. 42, no. 7, pp. 1422–1424.

97. Kol’tsov, S.I., Malygin, A.A., Volkova, A.N., and 
Aleskovskii, V.B., J. Phys. Chem. USSR, 1973, vol. 47, 
no. 4, pp. 558–560.

98. Malygin, A.A., Volkova, A.N., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Gen. Chem. USSR, 1973, vol. 43, 
no. 11, pp. 1426–1429.

99. Ukhova, T.V., Malygin, A.A., Volkova, A.N., Kol’tsov, 
S.I., and Aleskovskii, V.B., J. Phys. Chem. USSR, 1974, 
vol. 48, no. 6, pp. 1565–1566.

100. Ukhova, T.V., Volkova, A.N., Kol’tsov, S.I., and 
Aleskovskii, V.B., Izv. Vyssh. Uchebn. Zaved., Khim. 
Khim. Tekhnol., 1974, vol. 17, no. 6, pp. 795–797.

101. Kol’tsov, S.I., Kopylov, V.B., Smirnov, V.M., and 
Aleskovskii, V.B., J. Appl. Chem. USSR, 1976, vol. 49, 
no. 3, pp. 525–528 .

102. Stepanova, N.A., Smirnov, V.M., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Appl. Chem. USSR, 1977, vol. 50, 
no. 2, p. 450 .

103. Pak, V.N., J. Phys. Chem. USSR, 1976, vol. 50, no. 6, 
pp. 1404–1407 .

104. Kukharskaya, E.V., Makarskaya, V.M., Tsvetkova, M.N., 
Koltsov, S.I., and Voronkov, M.G., J. Appl. Chem. USSR, 
1980, vol. 53, no. 9, pp. 1546–1548 .



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1035NANOTECHNOLOGY  OF  MOLECULAR  LAYERING

105. Tsvetkova, M.N., Malygin, A.A., and Koltsov, S.I., 
J. Appl. Chem. USSR, 1980, vol. 53, no. 6, pp. 952–954 .

106. Koltsov, S.I., Malkov, A.A., Smirnov, E.P., and 
Aleskovskii, V.B., J. Appl. Chem. USSR, 1976, vol. 49, 
no. 6, pp. 1277–1280.

107. Koval’kov, V.I., Smirnov, E.P., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Gen. Chem. USSR, 1976, vol. 46, 
no. 9, pp. 2069–2070.

108. Smirnov, E.P., Gordeev, S.K., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Appl. Chem. USSR, 1978, vol. 51, 
no. 11, pp. 2451–2455 .

109. Smirnov, E.P., Gordeev, S.K., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Appl. Chem. USSR, 1979, vol. 52, 
no. 1, pp. 176–178 .

110. Malkov, A.A., Kol’tsov, S.I., Ivin, V.D., Smirnov, E.P., and 
Aleskovskii, V.B.,  J. Appl. Chem. USSR, 1976, vol. 49, 
no. 7, pp. 1650–1652.

111. USSR Inventor’s Certifi cate 801538 A1, Publ. 1980.
112. Barsova, V.V., Kol’tsov, S.I., Malygin, A.A., and 

Trifonov, S.A., Plast. Massy, 1981, no. 7, p. 59.
113. Kol’tsov, S.I., Drozd, V.E., Redova, T.A., and 

Aleskovskii, V.B., Dokl. Phys. Chem., 1977, vol. 235, 
pp. 794–796.

114. Eremeeva, M.A., Nechiporenko, A.P., Kuznetsova, G.N., 
Kol’tsov, S.I., and Aleskovskii, V.B., J. Appl. Chem. USSR, 
1974, vol. 47, no. 10, pp. 2390–2391 .

115. Kol’tsov, S.I., Garshin, A.P., Malygin, A.A., and 
Karaseva, M., Izv. Vyssh. Uchebn. Zaved., Khim. Khim. 
Tekhnol.,, 1978, vol. 21, no. 2, pp. 168–171.

116. Pak, V.N., Ventov, N.G., and Kol’tsov, S.I., Theor. Exp. 
Chem., 1974, vol. 10, no. 5, pp. 711–713 .

117. Malygin, A.A., Reactions of Vanadium, Chromium, and 
Phosphorus Oxychlorides with Silica Gel as Molecular 
Layering Reactions, Cand. Sci. Dissertation, Leningrad, 
1973.

118. Volkova, A.N., Malygin, A.A., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Gen. Chem. USSR, 1975, vol. 44, 
no. 1, pp. 3–7 .

119. Volkova, A.N., Malygin, A.A., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Inorg. Chem. USSR, 1975, vol. 20, 
no. 10, pp. 2695–2698 .

120. Malygin, A.A., Volkova, A.N., Kol’tsov, S.I., and 
Aleskovskii, V.B., J. Gen. Chem. USSR, 1976, vol. 46, 
no. 10, pp. 2085–2088 .

121. Malygin, A.A., Kol’tsov, S.I., and Aleskovskii, V.B., 
J. Gen. Chem. USSR, 1980, vol. 50, no. 12, pp. 2121–

2123 .
122. Aleskovskii, V.B., Drozd, V.E., Gubaidullin, V.I., and 

Romanychev, A.I., Dokl. Akad. Nauk SSSR, Khimiya, 
1986, vol. 291, no. 1, pp. 136–139 .

123. Khalif, V.A., Aptekar’, E.L., Krylov, O.V., and 
Öhlmann, G., Kinet. Katal., 1977, vol. 18, no. 4, pp. 1055–
1059.

124. Ermakov, Yu.I., Zakharov, V.A., and Kuznetsov, B.N., 
Zakreplennye kompleksy na okisnykh nositelyakh v 
katalize (Immobilized Complexes on Oxide Supports in 
Catalysis), Novosibirsk: Nauka, 1980.

125. Bliznyakov, G.M. and Petrov, K., Docl. Bulg. Akad. Nauk., 
1974, vol. 27, no. 3, pp. 365–368.

126. Hanke, W., Bienert, R., and Jerschkewitz, H.-G., Z. Anorg. 
Allg. Chem., 1975, vol. 414, no. 2, pp. 109–129. 

 https://doi.org/10.1002/zaac.19754140203
127. Öhlmann, G., Z. Chem., 1984, vol. 24, no. 5, pp. 161–169. 
 https://doi.org/10.1002/zfch.19840240502
128. Suntola, T., Mater. Sci. Rep., 1989, vol. 4, no. 5, pp. 261–

312.
 https://doi.org/10.1016/S0920-2307(89)80006-4
129. Putkonen, M. and Niinistö, L., Precursor Chemistry of 

Advanced Materials. CVD, ALD and Nanoparticles, 
Fischer, R.A., Ed., Berlin: Springer, 2005. 

 https://doi.org/10.1007/b136145
130. Sneh, O., Clark-Phelps, R.B., Londergan, A.R., Winkler, J., 

and Seidel, T.E., Thin Solid Films, 2002, vol. 402, nos. 
1–2, pp. 248–261. 

 https://doi.org/10.1016/S0040-6090(01)01678-9
131. Niinistoe, L., Paeivaesaari, J., Niinistoe, J., Putkonen, M., 

and Nieminen, M., Phys. Status Solidi A, 2004, vol. 201, 
no. 7, pp. 1443–1452.

 https://doi.org/10.1002/pssa.200406798
132. Ylilammi, M., J. Electrochem. Soc., 1995, vol. 142, no. 7, 

pp. 2474–2479.
 https://doi.org/10.1149/1.2044323
133. Skarp, J.I., Soininen, P.J., and Soininen, P.T., Appl. Surf. 

Sci., 1997, vol. 112, pp. 251–254.
 https://doi.org/10.1016/S0169-4332(96)01000-8
134. Hart, J.., Lenway, S.A., and Murtha, T., A history of 

Electroluminescent Sisplays, Bloomington, IN: Indiana 
Univ., 1999.

135. Patent FI 52359 C, Publ. 1977; Patent US 4058430 A, 
Publ. 1977; Patent SU 810085 A3, Publ. 1981.

136. Aidla, A.K. and Tammik, A.-A. A., Uchen. Zap. Tartusk. 
Univ., 1983, issue 655, pp. 120–129.

137. USSR Inventor’s Certifi cate 997795 A1, Publ. 1983.



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1036 SOSNOV  et  al.

138. USSR Inventor’s Certifi cate 1219132 А, Publ. 1986.
139. USSR Inventor’s Certifi cate 1344400 А2, Publ. 1987.
140. USSR Inventor’s Certifi cate 1551648 A1, Publ. 1990.
141. Malygin, A.A., Khimiya i tekhnologiya neorganicheskikh 

materialov (Chemistry and Technology of Inorganic 
Materials), Stavropol: RTP VNIIL, 1982, issue 23, 
pp. 24–28.

142. USSR Inventor’s Certifi cate 1018710 A, Publ. 1983.
143. Dergachev, V.F., Kol’tsov, S.I., Malkov, A.A., and 

Malygin, A.A., Tekhnologiya aviatsionnogo priboro- i 
agregatostroeniya (Technology of Aviation Instrument- 
and Aggregate-Making), Moscow: MAP, 1984, issue 2, 
pp. 50–52.

144. Zorin, V.Ya., Lushkina, T.L., Malygin, A.A., and 
Shevchenko, G.K., Elektron. Prom-st., 1992, no. 3, 
pp. 51–54.

145. Lystsov, A.I. and Shcherbin, N.I., Lakokras. Mater. Ikh 
Primen., 1982, no. 6, pp. 14–16.

146. Raaijmakers, I.J., ECS Trans., 2011, vol. 41, no. 2, 
pp. 3–17. 

 https://doi.org/10.1149/1.3633649
147. USSR Inventor’s Certifi cate 1359261 A1, Publ. 1987.
148. Kol’tsov, S.I., Kucherov, S.V., Dergachev, V.F., 

Malygin, A.A., Protod’yakonov, I.O., and Yulenets, 
Yu.P., Khim. Neft. Mashinostr., Nauchno-Tekh. Ref. Sb., 
Moscow: MKhP, 1983.

149. Tolmachev, V.A., J. Appl. Chem. USSR, 1982, vol. 55, 
no. 6, pp. 1298–1299 .

150. Tolmachev, V.A. and Okatov, M.A., Sov. J. Opt. Technol., 
1983, vol. 50, no. 11, pp. 706–708 .

151. Romanychev, A.I., Russ. J. Appl. Chem., 1992, vol. 65, 
no. 12, pp. 2672–2676 .

152. Kol’tsov, S.I., Gromov, V.K., and Aleskovskii, V.B., 
Ellipsometriya – metod issledovaniya poverkhnosti 
(Ellipsometry as Surface Investigation Method), Rzhanov, 
A.V., Ed., Novosibirsk: Nauka, 1983.

153. Gromov, V.K. and Kol’tsov, S.I., Ellipsometriya – metod 
issledovaniya poverkhnosti (Ellipsometry as Surface 
Investigation Method), Rzhanov, A.V., Ed., Novosibirsk: 
Nauka, 1983.

154. Kol’tsov, S.I., Yakovlev, A.S., and Bukhalov, L.L., 
Poverkhn. Fiz., Khim., Mekh., 1992, no. 5, pp. 75–81.

155. Koshtyal, Y.M., Malkov, A.A., and Malygin, A.A., Russ. 
J. Gen. Chem., 2011, vol. 81, no. 1, pp. 41–48.

 https://doi.org/10.1134/S1070363211010075 .
156. Dorofeev, V.P., Sosnov, E.A., and Malygin, A.A., 

Poverkhn. Rentgen., Sinkhrotron., Neitron. Issled., 2006, 
no. 2, pp. 55–60.

157. Marin, E., Lanzutti, A., Andreatta, F., Lekka, M., 
Guzman, L., and Fedrizzi, L., Corros. Rev., 2009, vol. 29, 
nos. 5–6, pp. 191–208.

 https://doi.org/10.1515/CORRREV.2011.010

158. Kääriäinen, M.-L., Kääriäinen, T.O., and Cameron, D.C., 
Thin Solid Films, 2009, vol. 517, no. 24, pp. 6666–6670.

 https://doi.org/10.1016/j.tsf.2009.05.001

159. Lanza, M., Materials, 2014, vol. 7, no. 3, pp. 2155–2182.
 https://doi.org/10.3390/ma7032155 

160. Liu, R., Han, L., Huang, Zh., Ferrer, I.M., Smets, A.H.M., 
Zeman, M., Brunschwig, B.S., and Lewis, N.S., Thin Solid 
Films, 2015, vol. 586, pp. 28–34. 

 https://doi.org/10.1016/j.tsf.2015.04.018

161. Wang, W.-N., Wu, F., Myung, Y., Niedzwiedzki, D.M., 
Im, H.S., Park, J., Banerjee, P., and Biswas, P., ACS Appl. 
Mater. Interfaces, 2015, vol. 7, no. 10, pp. 5685–5692.

 https://doi.org/10.1021/am508590j

162. Edy, R., Zhao, Y., Huang, G.S., Shi, J.J., Zhang, J., 
Solovev, A.A., and Mei, Y., Prog. Nat. Sci.: Mater. Int., 
2016, vol. 26, no. 5, pp. 493–497. 

 https://doi.org/10.1016/j.pnsc.2016.08.010

163. Yersak, A.S., Lewis, R.J., Tran, J., and Lee, Y.-Ch., ACS 
Appl. Mater. Interfaces, 2016, vol. 8, no. 27, pp. 17622–
17630.

 https://doi.org/10.1021/acsami.6b03606

164. Piltaver, I.K., Peter, R., Šarić, I., Salamon, K., 
Badovinac, I.J., Koshmak, K., Nannarone, S., Marion, I.D., 
and Petravić, M., Appl. Surf. Sci., 2017, vol. 419, pp. 564–
572. 

 https://doi.org/10.1016/j.apsusc.2017.04.146

165. Zhuiykov, S., Hyde, L., Hai, Zh., Akbari, M.K., Kats, E., 
Detavernier, Ch., Xue, Ch., and Xu, H., Appl. Mater. 
Today, 2017, vol. 6, pp. 44–53.

 https://doi.org/10.1016/j.apmt.2016.12.004

166. Huang, Y., Liu, L., Zhao, W., and Chen, Y., Thin Solid 
Films, 2017, vol. 624, pp. 101–105. 

 https://doi.org/10.1016/j.tsf.2017.01.015

167. Lee, N., Choi, H., Park, H., Choi, Y., Yuk, H., Lee, J., 
and Jeon, H., Nanotechnology, 2020, vol. 31, no. 26, 
ID 265604.

 https://doi.org/10.1088/1361-6528/ab8041

168. Sosnov, E.A. and Kochetkova, A.S., J. Surf. Invest.: 
X-ray, Synchrotron Neutron Tech., 2018, vol. 12, no. 6, 



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  94  No.  8  2021

1037NANOTECHNOLOGY  OF  MOLECULAR  LAYERING

pp. 1310–1322. 
 https://doi.org/10.1134/S102745101901018X 

169. Pak, V.N., Kol’tsov, S.I., and Aleskovskii, V.B., Theor. 
Exp. Chem., 1973, vol. 9, no. 4, pp. 567–569.

170. Pak, V.N., J. Phys. Chem USSR, 1976, vol. 50, no. 6, 
pp. 1404–1407.

171. Sosnov, E.A. Malkov, A.A., and Malygin, A.A., Russ. J. 
Phys. Chem. A, 2009, vol. 83, no. 4, pp. 642–648.

 https://doi.org/10.1134/S0036024409040219 

172. Sosnov, E.A. and Malkov, A.A., Optical Spectroscopy: 
Technology, Properties and Performance, Tomozeiu, N., 
Ed., New York, USA: Nova Science, 2014.

173. Sosnov, E.A., Malkov, A.A., and Malygin, A.A., Russ. J. 
Gen. Chem., 2010, vol. 80, no. 6, pp. 1176–1182.

 https://doi.org/10.1134/S10703632100602 

174. Malkov, A.A., Kukushkina, Yu.A., Sosnov, E.A., and 
Malygin, A.A., Inorg. Mater., 2020, vol. 56, no. 12, 
pp. 1234–1241.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


