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Abstract

Within the methodology of perception of the fundamentals and regularities of nano-dimensional world func-
tioning, the phenomenon “physical and chemical nano-robot” (PCNR) has been proposed. Its purpose consists in 
the investigation and organization of nanotechnologies to produce novel substances and materials. The system 
capable to perform the PCNR functions is offered, evidence-based and realized in the form of the working model. 
This model is the nanodispersed polycrystalline particle of Ni, one of the metals of iron subgroup (Fe, Co, Ni). We 
have studied the specific conditions under which such Ni particles possess a set of various functions crucial in the 
operation of nanotechnologies focused on the synthesis of new substances and materials. The multistage mecha-
nism of PCNR action in the nanotechnological synthesis of materials with different functions is discovered. Sci-
entific bases for the organization of new PCNR as well as the short review of already characterized PCNR-based 
nanotechnologies have been presented. The basic model of PCNR nanoscale system allowing one to operate tech-
nology and control the range of nano-products is developed.
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1. INTRODUCTION

At the end of the XX century, science sur-
vived a kind of bifurcation in its development. A 
vast area of the nanometer-sized world has 
opened. The specificity and diversity of this world 
have not yet been arranged as adequate pro-
grammes of research and development works in 
the directions of priority. However, a specific 
problem has already appeared. It turned out that 
the traditional methods and procedures for the 
cognition of the laws of macro-world and the en-
tire philosophy of their perception did not get 

adapted in some cases to the processes of mi-
croworld cognition. 

There is a boundary between these worlds, at 
which the terms and notions are not always iden-
tical. Here we should mention a marvellous book 
entitled “Nanotechnology. Alphabet for Every-
body” [1]. In this book, a comprehensive and pro-
fessional review of the whole range of ideas and 
trends of the development of this young area of 
science is presented. 

In this paper, we discuss the results of the 
investigation of a new object that appeared 
within the science studying the nanometer-



198 R. A. BUYANOV, I. V. MISHAKOV

sized world. This object was called nano-robot 
[1, p. 204].

2. NANO-ROBOTS TODAY IN BRIEF 

The term “nano-robot” was introduced into 
science together with the prefix “nano”. It is 
slightly older than thirty years, and it is still in its 
infancy. Because of this, we will give only a brief 
description of our evaluations and expectations in 
this area of science. 

Initially, this kind of machine was almost fan-
tastic work of humans. It was assumed that this 
robot with the functional structure will be cre-
ated through molecular assembling and it will 
possess the ability to manufacture new genera-
tions of functional materials according to a special 
programme. These nanometer-sized robots were 
called molecular robots (MR). 

The very idea of MR is fascinating. However, 
its implementation meets enormous difficulties 
and expenses. It is assumed that the MR will be 
created by man. However, at the level of modern 
civilization, total expenses for the creation of such 
machines will turn out to be many orders of mag-
nitude higher than the value of the products 
manufactured by them. As we know, only a 
skilled left-handed craftsman from a fairy tale – 
Levsha – succeeded to shoe a flea. 

The difficulties in the creation of MR stimu-
lated us to search for an alternative version of a 
solution to the problem. And we found such a 
version. We supposed that the nature itself, in its 
infinite diversity, makes functional structures 
governing nanotechnologies. It should be specially 
stressed that the nature tends to find the sim-
plest solutions in its creations. This is why one 
speaks that greatness is in simplicity.

By that time, we possessed a sufficient amount 
of the information allowing us to give a general 
formulation of the contents of such a robot. We 
represented it as a system of natural origin, pos-
sessing physical and chemical properties (func-
tions determining the type of their interaction 
with the environment). We called this system a 
physicochemical nano-robot (PCNR). 

It follows from the very intention and purpose 
of the PCNR that the range of its manufacturing 
possibilities is determined by the coherent set of 
functions involved in nanotechnological control. It 
should be stressed that a principal difference of the 
PCNR from MR is in the nature of their functions.

However, all these considerations are rightful 
only on the condition that it is better to launch 

the research relying on an erroneous hypothesis 
rather than try to find the truth by trials and er-
rors without any direction.

3. FROM ThE hYpOThESIS AND DEDUCTIvE FIgURE  
TO A REAl pCNR MODEl 

In this section, we discuss research results 
proving that the hypothesis concerning the na-
ture and structure of PCNR has been confirmed 
and has become an actual object for a more thor-
ough investigation. 

The very idea of a nano-robot could have ap-
peared only after the prefix “nano” has won its 
citizenship in science. Before this event, since early 
1960-es, carbon as the subject appeared in the re-
search plans of the Institute of Catalysis, Siberian 
Branch of the Academy of Sciences of the USSR. 

This is explained by the discovery of previ-
ously unknown carbon forms with many useful 
properties and different crystallographic and mor-
phological characteristics.

The major goal of the works of a number of 
foreign research teams was directed at the empiri-
cal selection of the methods to obtain carbon prod-
ucts. Works aimed at the development of produc-
tion technologies and model installations for manu-
facturing these products were also carried out. 

A distinguishing feature of the works in the 
Institute of Catalysis was the focus on the mech-
anism of the catalytic synthesis of carbon materi-
als and the methods to govern these technologies. 

In 1952, the results of the studies of the forma-
tion and properties of carbon with previously un-
known morphology were published [2]. This car-
bon was formed through thermal decomposition 
(600 °C) of carbon (II) oxide at the contact with 
iron. The carbon product was composed of worm-
like particles with the internal empty channel and 
a constant diameter over the whole its length. The 
diameter of carbon particles was within the range 
of 0.2–0.5 mm, and their length reached 7 mm.

The contents of the paper allowed us to for-
mulate the most significant results.

– catalytic formation of carbon was discovered 
only on three contacts – with iron, cobalt, and 
nickel. 

– Carbon formed an ordered structure similar 
to that called a tubular nanostructure nowadays.

– Each tube has a particle of active metal on 
its end, and carbides were detected in the phase 
of the forming carbon.

It is difficult to explain today why the authors 
of that work, having obtained such significant re-
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sults, had not continued the studies of the mech-
anism of this phenomenon. Maybe, for this rea-
son, their publication was underestimated and 
forgotten for two decades. 

Historical fairness induced us to recollect that 
this publication was the first to report on the for-
mation of carbon materials of micron size with 
unknown morphology. This publication was an 
inspiring event for us. It seemed that the nature 
gave us a gift – a simplified model of the func-
tional structure that we imagined as a working 
hypothesis. The deductive method has worked. 

These results allowed us to draw a general 
scheme of a multistage nanotechnology of the 
synthesis of carbon nanomaterials. According to 
this scheme, gaseous hydrocarbon at a tempera-
ture of 600–900 K is chemisorbed on the surface 
of dispersed particles (1–100 nm) of the iron-
group transition metals (Fe, Co, Ni) and gets de-
composed with the formation of atomic carbon. 
The latter migrates to the regions of particle sur-
face where the formation of carbon nano-sized 
material (CNM) occurs. 

So, PCNR is a polyfunctional nano-sized struc-
ture (PNS) having the appearance of a crystal 
(1–100 nm) metal particle. Under definite condi-
tions, it may switch its functions into the man-
agement of separate stages of the nanotechnolo-
gy. Passing from the imaginary PCNR model to 
an actual one, the goal of the work was deter-
mined as the development of a demonstration 
model of the nanotechnology under the control of 
PCNR. In the model of nanotechnology chosen by 
us, two participants interact: a PCNR and carbon. 
Below we will consider them both. 

Among all the elements of Mendeleev’s Peri-
odic Table, perhaps the most surprising one is 
carbon. Its unique properties and their diversity 
are due to the electronic configuration (structure) 
of 

6
С atoms – ls22s2р2, in which the entire chemi-

cal diversity is determined by the electrons of the 
second orbit (2s2р2).

This electronic configuration predetermined 
the existence of three allotropic modifications of 
carbon:

1. Spatial polymer with sр3-hybridization of 
electrons (diamond).

2. In-plane polymer with sр2-hybridization of 
electrons (graphite).

3. Regular polymeric carbines with a large va-
riety of the forms of carbon and allotropic modi-
fications with mixed types of bonds arising in sр1-
hybridization of electrons. 

For a deeper understanding of the mechanism 
of CNM, the information on the properties of 

PCNR functions involved in nanotechnologies 
was attracted. Let us start with metals. 

All metals may be divided into three groups:
a) metals of groups III–VII of the Periodic 

Table of elements, forming thermodynamically 
stable carbides with carbon;

b) metals of the subgroup of the first transi-
tion row (Fe, Co, Ni) of group VIII, forming ther-
modynamically unstable carbides;

c) all other metals of group VIII and those 
forming no carbides at all.

It becomes clear that only unstable reactive 
carbides are suitable for PCNR functioning. This 
feature is connected with the unfilled 3rd electron 
shell. With an increase in the number of electrons 
in this shell above five, the crystal chemical af-
finity of these metals to carbon and their ability 
to form compounds with carbon possessing close 
structural motives decrease sharply from Fe to 
Co and Ni.

A special role is played by the stages of dis-
solution and carbon diffusion in metal nickel, as 
well as in Fe and Co. These transition metals hav-
ing small atomic radii (0.124–0.125 nm) may form 
solid solutions with the atoms of equal or smaller 
size. Carbon atoms (with a radius of 0.077 nm) 
form interstitial solid solutions with nickel. Under 
these conditions, the diffusion of carbon atoms 
proceeds through sequential transitions of the 
atoms from one interstice to another without ex-
changing places with metal ions. To diffuse in this 
manner, carbon atoms should possess activation 
energy sufficient to overcome the energy barrier 
along the route of carbon atoms from one inter-
stice to another. The frequency of transitions and 
diffusion coefficient depend on this energy. The 
electronic structure of carbon atom allows it to 
act both as a donor and an acceptor of electrons. 
Interacting with the 3d electronic shell of the 
metals of the transition period (Fe, Co, Ni) carbon 
exhibits donor properties lending some of its elec-
trons into the vacant 3d shell. So, carbon atoms in 
the carbides of transition metals act as cations [5].

It should also be reminded that gases (N
2
, 

O
2
, Н

2
) dissolved in metals are in the atomic state 

with increased reactivity. Hydrogen dissolved in 
metals is present there in the form of proton with 
the radius 105 times smaller and diffusion coeffi-
cient 1012 times larger than the corresponding 
values for carbon or nitrogen atoms [7].

The functions of PCNR may also include some 
exotic properties, for example, the difference in 
the properties of the faces of crystal metal PNS 
particles. In this case, each face plays the part of 
a separate function [12, 13]. Another special ex-
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ample worth mentioning: we succeeded in creat-
ing conditions for the formation of supersaturat-
ed solutions of carbon in metals. It turned out 
that this state of the substance may play the role 
of a separate function [14].

To reveal the role of carbides in the formation 
of carbon materials, the kinetics of the formation 
and decomposition of metal carbides was studied 
for the metals of the iron subgroup (Fe, Co, Ni) in 
the atmosphere of butadiene [8–11]. The critical 
temperature T

cr
 was discovered. In the case of 

T < T
cr
, the rate of carbide formation was higher 

than the rate of its decomposition. Because of 
this, the limiting stage of the formation of carbon 
deposits is the decomposition of carbide. As a re-
sult, a metal particle is transformed into carbide. 
In the case of T > T

cr
, the rate of carbide decom-

position becomes higher than the rate of its for-
mation. The metal phase becomes stable. It was 
proved that the common limiting stage for both 
cases (T < T

cr
 and T > T

cr
) is the formation of an 

intermediate surface carbide compound of the 
type of [Fe–C]. These results are presented in 
Fig. 1. In this scheme, depending on conditions, ei-
ther carbide phase or metal phase may be present. 

The scheme describes the mechanism of the 
catalytic homolytic rupture of bonds in hydrocar-
bon molecules with the formation of carbon atoms. 

At the moment of carbon formation in the 
subsurface layer of a massive metal particle, it 
possesses increased reactivity and may either re-
combine with the formation of the amorphous 
carbon phase or be absorbed in the process of 
atomic assembling of CNM.

In addition to the mentioned information, at 
the end of 1970-es, we succeeded in deciphering 
the multistage synthesis of CNM through atomic 
assembling, which proceeds according to the mech-
anism of carbide cycle (MCC). Detailed information 
on this subject was published in [15, 16, 18].

The final goal of the work on this subject was 
to make our hypothesis concerning an imaginary 
natural phenomenon of PCNR gain all its natural 
properties. We chose to focus on the hypothesis of 
an imaginary robot which was to be brought to 
life with the elixir of scientific cognition on its 
nature and the laws of functioning. The source of 
this knowledge was physics and chemistry of the 
functions of the imaginary robot. We collected the 
necessary information for such a revival. How-
ever, before starting this procedure, the peculiar-
ity of this start is to be stressed.

Historically, investigation of the demonstra-
tion sample of PCNR proceeded in two directions 
independent of each other. The first of them was 
developing within the programmes of traditional 
carbon themes formed even before the discovery 
of the nano-sized world. Only with the develop-
ment of works in this area and after deciphering 
the mechanism of carbide cycle of CNM forma-
tion, it turned out unexpectedly that the studies 
in this direction led to the birth of that demon-
stration sample of PCNR. 

The second direction formed and developed as 
a new object for the science of nano-sized world. 
Thus the idea to supplement the paper with two 
more finishing sections appeared:

– About scanning some properties of the mat-
ter of which PCNR consists, and its functions.

Fig. 1. Scheme of catalytic formation of atomic carbon during the decomposition of hydrocarbons through intermediate car-
bide-like compounds. Cycle (1) – splitting (dissociation) of hydrocarbon molecules on the surface of metal particles (Fe, Co, Ni); 
reaction (2) – the effect of reaction medium and reaction conditions on the catalyst (phase and chemical transformations); reac-
tion (3) – carbon formation on the carbide phase (n – dimensions of the region on carbide surface losing one carbon atom, that is, 
average surface area corresponding to one catalytic centre, хn = 1, [Fe–C] – carbide-like intermediate compound, [Fe

3
C

1 – x
]•n – 

carbide state with disturbed stoichiometry).
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– About the possibility to affect the behaviour 
and role of PCNR functions in the nanotechnolo-
gies of the production of the target material.

4. pCNR SCANNINg

The term ‘scanning’ has not been determined 
in the methodology of cognition. However, in this 
specific case, it is adequate in expressing the es-
sence and meaning of its participation in the sci-
entific search. In our case, scanning means the 
collection of information over the whole range of 
properties and functions of the object under in-
vestigation.

The synthesis of CNM according to the regu-
lations of nanotechnology is finally reduced to the 
recovery of atomic carbon from the structure of 
hydrocarbons and molecular assemblage into the 
CNM structure (the synthesis from below). 

In the process of scanning, the problem con-
cerning the significance and potency of the meth-
odological participation of the PCNR phenomenon 
in scientific experiments and special significance 
of its special functions and mechanisms of opera-
tion arose. 

We carried out scanning and scientific analysis 
at all the stages and processes of PCNR over all 
the stages of nanotechnology and polyfunctional 
activity of the robot. As a result, the knowledge 
enriching the methodology of the search for new 
types of PCNR was obtained. Below we will con-
sider the most important scanning results. 

It follows from the above considerations that 
PCNR is a polyfunctional nano-sized (1–100 nm) 
structure (PNS) having the appearance of the 
crystal particles of the metals of the iron sub-
group (Fe, Co, Ni).

Scanning results will be commented adhering 
to the sequence of stages of PCNR in the technol-
ogy of the synthesis of CNM. 

To start scanning the multistage technology, it 
was necessary to specify what we accept to be 
the starting point. Scanning results should not 
disturb the coherence of the structure under in-
vestigation. in our case, the start is connected 
with the state of the dispersed metal particle, 
which may play the role of PNS and PCNR and 
be present in different thermodynamic relations 
with the environment [20]. In the equilibrium 
state, molecules and nanoparticles behave inde-
pendently of each other, each of them ignores the 
others. Particles in this state are called somnam-
bulists (or hypnones) [20].

Hypnones are metal particles in the state re-
sembling lethargic sleep. Their functional abili-
ties are not oriented at any object of the non-
equilibrium world. The transition to the non-
equilibrium state wakes hypnones and established 
the coherency in the system. This transition oc-
curs when the reactor with a filler composed of 
nickel nanoparticles is filled with hydrocarbons. 
The system of PNS – hydrocarbon is thus formed. 
It is ready for switching on the nanotechnology 
of CNM production. Its activity is due to the non-
equilibrium state. The involvement of this system 
into the work occurs by its activation as a result 
of temperature rise in the reactor. After activa-
tion, the whole technology is controlled by the 
functions of the robot. 

In Section 3, we collected the information on 
the physical and chemical properties of the par-
ticipants of the nanotechnological synthesis of 
CNM. Scanning results were obtained through the 
generalization of numerous experiments with dif-
ferent compositions and regimes of the synthesis 
of nano-products. 

Scanning the functions we studied the specific 
features of their physical and chemical properties. 

In our case, synthesis and its scanning start 
from the stage [X] – chemisorption of hydrocar-
bons on the faces of the crystal nickel nanoparticle 
(robot). This is the starting chemical function en-
tering the technological process of synthesis. The 
intensities of chemisorption of hydrocarbons at dif-
ferent faces of the robot differ. Thus, it was re-
ported [7] that methane decomposes on the (100) 
and (110) faces of nickel crystal to form carbon, 
while methane is not sorbed on the (111) face, and 
carbon is not released. However, all of them work 
synchronously for the same final goal.

At the next stage, chemisorbed carbon decom-
poses through an intermediate unstable carbide-
like compound [Ni–C] in which carbon atoms 
(electron donors) act as cations. This compound 
decomposes in the subsurface layer of the nickel 
particle (robot) [X]. Carbon atoms are to occupy 
their positions in the new structure. At the mo-
ment of decomposition of the carbide-like com-
pound [Ni–C], the released carbon atoms could 
recombine to form soot but they get captured by 
the subsurface layer of the nickel particle. 

We have already mentioned that the elements 
of the iron subgroup (Fe, Co, Ni) possess crystal 
chemical affinity to carbon. In turn, carbon be-
haves as the donor of electrons with respect to 
these metals. This combination leads to the cap-
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ture of carbon atoms by massive nickel. A solid 
solution of carbon in nickel is formed [Ø].

In our case, we scan the continuous techno-
logical chain until CNM production. The half-way 
formation of the solid solution of carbon appears 
to be a paralysis of the whole technology. A way 
out of this apparent blind alley is prompted by 
physics and thermodynamics. 

The solubility of carbon in metal nickel de-
pends on the chemical potential µ of carbon to be 
dissolved. According to thermodynamics, “A di-
rect quantitative analog of temperature for the 
processes of substance distribution is the chemi-
cal potential of the substance to be dissolved. In 
other words, the driving force of isothermal dif-
fusion is the negative gradient of the chemical 
potential of diffusing substance” [6, 14].

We considered the mechanism of formation, 
release and capture of carbon atoms by the sub-
surface layer of nickel particle (PCNR). This 
mechanism [Ø] acts until the chemical potentials 
of carbon in carbon source and in its solvent (Fe, 
Co, Ni) become equal.

The chemical potential of atomic carbon dis-
solving in nickel is determined by its origin. It is 
formed in the decomposition of a carbide-like 
compound such as Ni

3
C or [Ni–C]. As a result, a 

short-living mixture of nickel and carbon atoms 
is formed in the subsurface layer of nickel parti-
cle. It is transformed into the supersaturated so-
lution of carbon in nickel. Carbon concentration in 
this solution is many times higher than its equi-
librium content in nickel crystal in contact with 
graphite. Their ratio is 25 : 0.3.

As carbon concentration in the supersaturated 
solution increases, its chemical potential reaches a 
critical value sufficient for overcoming the poten-
tial barrier of the formation of a nucleus of the 
graphite phase (CNM). At this limit of system 
stability, bifurcation with the complete destruc-
tion of the initial structure and the formation of 
the new structure (a nucleus of graphite phase) 
occurs. Carbon from its supersaturated solution 
[Ø] is dumped into this nucleus. 

Since then, the regime of the atomic-molecu-
lar assemblage of CNM is established due to the 
diffusion intake of carbon atoms through the 
mass of the nickel particle (PCNR) [Ø]. With the 
formation of the centre of carbon crystallization, 
the possibility of the formation of supersaturated 
solutions disappears. A steady regime of nano-
technology with the distribution of the faces of 
nickel particles according to the functional desti-
nation is established. The faces generating atomic 

carbon got the name “frontal”, while those on 
which CNM are formed are called “rear”. In this 
deterministic regime, the process of atomic-mo-
lecular assembling of CNM is stabilized.

Scanning of the stages in their technological 
sequence was considered by us as one of the ap-
proaches in cognition methodology. Having no 
special hope for its potential possibilities, we ap-
plied it to promote the development of the scien-
tific foundations of the synthesis of PCNR for 
different purposes. In the proposed work, seven 
different functions were used in scanning PCNR 
in the technology of CNM production. Each of 
them accompanied a separate stage in the tech-
nological sequence of the production of CNM. 
Four of these seven functions originated from the 
nucleus of PCNR while three of them originated 
from its surface.

Scanning allowed us to determine the struc-
ture of PCNR more accurately. It was composed 
of two inseparable carriers of functions: a three-
dimensional, in the form of the metal nucleus, 
and a two-dimensional in the form of its surface. 
For obviousness, this robot is represented in the 
form of a nut composed of a metal kernel (Fe, Co, 
Ni) in a shell, which is its surface. The two-dimen-
sional carrier of functions (the shell) provides 
chemical, catalytic stages of nanotechnologies gen-
erating substances in the atomic state. A classical 
example of such a generation of atomic carbon was 
considered above. 

In the general view, a two-dimensional carrier 
(the shell) in the PCNR system accompanies the 
catalytic stages that may arise in new modifica-
tions of PCNR. In this connection, it is necessary to 
cite a fragment of the report made by G. K. Boresk-
ov concerning the modern notion of this phenom-
enon [21]: “Bonding forces providing the forma-
tion of surface compounds essential for catalysis 
have the same nature as the bonding forces in 
usual chemical compounds. However, the mani-
festation of these forces in the surface interaction 
is characterized by a number of specific features 
which are due to the fact that one of the partici-
pants of the interaction is a solid body with com-
plicated electronic structure.

Surface compounds are much richer in the set 
of possible bond energies and correspondingly 
they are less discrete in their properties than 
usual stoichiometric compounds with a very large 
number of atoms. This is the reason also of the 
difficulties with building the theory of heteroge-
neous catalysis and the special position occupied 
by it in science.
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Heterogeneous catalysis is one of the most im-
portant and widespread manifestations of surface 
interaction, with its specific regularities. The rev-
elation of these regularities, development of the 
chemistry of surface compounds are the neces-
sary conditions for the creation of the theory of 
heterogeneous catalysis”.

Three-dimensional carrier of the functions (the 
kernel of the nut) governs the formation of CNM, 
that is, three-dimensional materials by the atom-
ic-molecular assemblage (synthesis from below). 
The kernel is a crystal particle of one of the met-
als of the iron subgroup (nickel in our case). Its 
exotic structure should be stressed. This is a three-
dimensional lattice of positive ions floating free in 
a dense electronic gas.

The insertion of atomic carbon into interstices 
causes strong electron interaction [7] and enhances 
the reactivity. 

One can see that the nature and regularities of 
the action of two- and three-dimensional carriers 
of PCNR functions belong to different scientific 
objects. Two-dimensional carriers function at the 
chemical stages and produce chemical products. 
Three-dimensional carriers function at the physi-
cal stages and produce three-dimensional materi-
als or specific chemical products.

It should be noted here that the studies of the 
mechanisms catalysis are carried out for more 
than 175 years, but the scientific foundations of 
the prediction of catalytic activity are still un-
clear. At this background, the studies of PCNR 
and its applied significance are only at their start-
ing point. 

Today it is possible to propose an extensive 
research programme. One of its directions should 
be the creation of the carriers (frameworks) for 
the rational (spatial) fixation of PCNR with re-
quired size and the methods of regulating diam-
eters, compositions of PCNR etc. 

To conclude, it should be noted that a demon-
stration model of PCNR has been developed, and 
a classical basic sample with the scientific sub-
stantiation of all the stages of the nanotechnology 
of CNM production has been made. 

The model allows proposing new nanotechnol-
ogies, which will be the subject of the last section 
of this paper. 

5. ABOUT ThE pOSSIBIlITY TO gOvERN ThE FUNCTIONS  
OF pCNR FOR ThE pRODUCTION OF ThE TARgET pRODUCT 

We described the history and results of the 
studies into the mechanism and regularities of 

functioning of a new phenomenon – PCNR. So, 
the contours of the scientific foundations for the 
formation of nanotechnologies accompanied by 
the robot were outlined. 

In this section, with references for the corre-
sponding scientific publications, we present sev-
eral examples of these technologies in the form of 
brief annotations. To avoid misunderstanding of 
the essence of annotated papers, it should be 
stressed that some of them relate to works carried 
out before the science dealing with nanotechnolo-
gies had been born. These works are cited from 
the primary sources. 

Meanwhile, a more detailed examination of this 
question today points to the necessity to recon-
sider our notions concerning the mechanisms of a 
number of technologies which we relate to cata-
lytic ones. The methodology of nano-world cogni-
tion suggests that some of the so-called catalytic 
technologies are actually corresponding in their 
nature and mechanism of product synthesis to the 
mechanism of nanotechnology with the participa-
tion of PCNR. 

We have already considered the functional 
possibilities of PCNR in the arrangement of a nut. 
They provide the generation of the atomic state 
of the raw material with high reactivity during 
the synthesis of nanoproducts. Substances that 
are capable of dissolving (in the atomic state) in 
the lattice of one of the metals of the iron sub-
group (Fe, Co, Ni) are suitable as the raw mate-
rial for this purpose. 

In the review of brief annotations of the pa-
pers dealing with the studies of nanotechnologies, 
we will mention publications in which the au-
thors chose hydrogen as the raw material. Its 
properties are ideally suitable for many nano-
technologies of the synthesis of various products 
and materials. Hydrogen dissolved in the nickel 
kernel of the PCNR exists in the form of a proton. 
Its radius is 105 times smaller than the radius of 
the atom (or ion) of carbon or nitrogen, while the 
diffusion coefficient in these metals is 1012 times 
larger than that for C, N and O [7].

BRIEF ANNOTATIONS OF pApERS  
DEAlINg wITh NANOTEChNOlOgIES pARTICIpATED BY pCNR

1. Regularities of the decomposition  
of chlorinated derivatives of hydrocarbons  
on the metals of iron subgroup [22].

Nano-sized particles of the metals of transition 
row Fe, Co, Ni were tested as PCNR accompany-
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ing the nanotechnologies of the decomposition of 
chlorinated organics – 1,2-dichloroethane and 
chlorobenzene in the atmosphere of hydrogen. 
Two reaction routes were detected:

– under the conditions of the lack of hydro-
gen, prevailing mechanism is the mechanism of 
carbide cycle (MCC) according to the scheme 
4Ni + С

2
H

4
Сl

2
 → 2[Ni–С] + 2[Ni-Сl] + 2H

2
 

[Ni–С] → Ni + С
2[Ni–Сl] + H

2
 → 2HСl + 2Ni

– hydrodechlorination is the process prevail-
ing under the conditions of hydrogen in excess:
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 + 2HCl
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2. Method of the utilization  
of chlorinated hydrocarbons  
on Ni- and Co-containing catalysts [23].

Nanoparticles of metals Ni, Ni-Pd, Сo were 
tested as PCNR. Two methods of utilization of 
chlorinated hydrocarbons were followed: 

– decomposition of hydrocarbons of different 
nature and structure according to the MCC 
mechanism to form carbon and HCl at Т ≥ 500 °C 
with total hydrogen content in the mixture not 
less than the amount necessary stoichiometrically 
for binding all Сl atoms into HСl. The method is 
suitable for the utilization of individual hydrocar-
bons and their complex mixtures;

– hydrodechlorination of the chlorinated de-
rivatives of hydrocarbons with the formation of 
unsaturated or saturated hydrocarbons.

3. Conditions for obtaining the structure  
of disordered graphite filaments formed  
in the decomposition of chlorinated derivatives  
of hydrocarbons on Ni- and Со-containing  
catalysts [24].

It is shown that the formation of graphite ma-
terials with different morphological and structural 
characteristics proceeds according to the MCC.

The methods of controlling the technology al-
lowing one to obtain a range of materials are con-
sidered. 

4. Theoretical substantiation of the conditions  
of operation of a physicochemical  
nano-robot (PCNR) in the production  
of nanodiamonds and other  
carbon-containing nanocomposites [25].

A new term has been introduced: physico-
chemical nano-robot (PCNR) controlling nano-

technology. The conditions under which the syn-
thesis of nanodiamonds from hydrocarbons is pos-
sible at the atmospheric pressure and T < 1000 K .

5. The method of doping carbon nanomaterials  
with nitrogen has been developed [26].

Carbon nanofibres doped with nitrogen up to 
8 mass % were obtained. This became possible 
due to the simultaneous activation of C and N 
atoms in the Ni kernel of PCNR and their joint 
condensation into the synthesized fibre structure. 

6. Dispersed nickel particles as polyfunctional 
nano-sized structures – chemical nano-robots 
synthesizing carbon materials [27].

With references for a number of earlier publi-
cations, the authors considered the ability of na-
no-sized nickel particles to carry out a set of var-
ious functions in the interaction with the medi-
um, to initiate various chemical processes and to 
control them. These polyfunctional nano-sized 
structures (PNS) were called nano-robots. 

7. New catalysts of the type of metal-  
filamentary carbon: from fundamental studies  
to the technology [28].

8. New metal-carbon catalysts.  
I. Methods of preparation,  
area of application [29].

9. New metal-carbon catalysts.  
II. Reasons for the selective action  
of nickel catalysts in hydrogenation [30].

New catalytic systems composed of a metal 
and filamentary carbon have been discovered. 
They have some principal differences from the 
known catalysts both in their structure and in the 
method of obtaining. Metal-carbon catalysts are 
formed during the decomposition of hydrocar-
bons on the metals of iron subgroup or on their 
alloys with other metals and are arranged as 
metal particles fixed at the ends of carbon fila-
ments. Varying the conditions of hydrocarbon de-
composition, one may render the properties that 
would allow the metal-carbon systems to be used 
as the catalysts of various reactions. 

10. The process and the kinetics of carbon  
and diamond methanation on bulk nickel,  
iron and platinum in the atmosphere  
of hydrogen were studied [31].

Carbon is dissolved in nickel, transformed into 
the atomic state, and reacts with atomic hydrogen. 
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11. The dissolution of carbon on nickel, iron  
and platinum matrices was studied [32].

The process of engraving the surfaces of dia-
monds through selective dissolution (methanation) 
of diamond surface in the sites of contact with the 
voluminous pattern of nickel surface has been de-
veloped. The activity of metals with respect to 
methanation decreases as a sequence Ni > Fe > Pt.

This review of the annotations of some works 
may be useful for the primary evaluation of the 
scientific and applied significance of one of the 
directions in the area of nanotechnologies. 

Acknowledgements

The work was carried out with the support from the 
Russian Academy of Sciences and the Federal Agency of 
Scientific Organizations of Russia within the State Ob-
jective for the IC SB RAS (project No. 0303-2016-0014).

REFERENCES

1  Nanotechnologies. Alphabet for Everybody, Yu. Ya. Tretya-
kov (Ed.), Moscow, FIZMATLIT, 2008, 308 P.

2  Radushkevich L. V., Lukyanovich V. M., Zhurn. Fiz. Khimii, 
1952, Vol. 26, P. 88–96.

3  Umanskiy N. S., Carbides of Solid Alloys, Moscow, Metal-
lurgiya, 1991, P. 450.

4  Samsonov G. V., Upadkaya G. Sh., Neshpor V. S., Physical 
metal Research of Carbides, Kiev, Nauk. Dumka, 1974, 207 p.

5  Fedorov V. B., Sharshorov M. Kh., Khakitova D. I., Carbon 
and its Interactions with Metals, Moscow, Metallurgiya, 1978, 
208 p.

6  Zayt V., Diffusion in Metals, Moscow, Izd. Inostr. Lit., 
1958, 382 p.

7  Fast J., Interactions of Metals with Gases. Kinetics and 
Mechanism of Reactions [in Russian], Moscow, Metallurgiya, 
1975, 351 p.

8  Sladkov A. M., Carbine – the Third Allotropic Form of Car-
bon [in Russian], Moscow, Nauka, 2003, 150 p.

9  Chesnokov V. V., Buyanov R. A., Afanasyev A. L., Kinetika 
i Kataliz, 1979, Vol. 20, No. 2, P. 477–489.

10  Chesnokov V. V., Buyanov R. A., Afanasyev A. L., Plyaso-
va L. M., Izv. SO AN SSSR. Ser. Khim. Nauk, 1980, No. 5, 
P. 82–87.

11  Buyanov R. A., Chesnokov V. V., Afanasyev A. D., Izv. SO 
AN SSSR. Ser. Khim. Nauk, 1981, No. 4, P. 28–33.

12  Molchanov V. V., Chesnokov V. V., Buyanov R. A., Zayt-
seva N. A. Zaykovsky V. I., Kinetika I Kataliz, 1998, Vol. 39, 
No. 3, P. 410.

13  Molchanov V. V., Chesnokov V. V., Buyanov R. A., Zayt-
seva N. A. Zaykovsky V. I., Kinetika I Kataliz, 2005, Vol. 46, 
No. 5, P. 701–710.

14  Buyanov R. A., Chemistry for Sustainable Development [in 
Russian], 2000, Vol. 8, No. 3, P. 347– 352.

15  Buyanov R. A., Chesnokov V. V., Kataliz v Promyshlen
nosti, 2000, No. 2, P. 3.

16  Buyanov R. A., Parmon V. N., Ross. Nanotekhnologii, 2015, 
Vol. 10, No. 3–4, P. 35–41.

17  Chesnokov V. V., Buyanov R. A., Afanasyev A. D., Plyaso-
va L. M., Izv. AN SSSR. Ser. Khim., 1980, No. 5, P. 82–91.

18  Buyanov R. A., Chesnokov V. V., Zhurn. Prikl. Khimii, 
1997, Vol. 70, No. 6, P. 178–185.

19  Buyanov R. A., Catalyst carburizing, Moscow, Nauka, 
1983, 207 p.

20  Prigozhin I., Stegner I., Synergetics. From Past to Future. 
Order from Chaos (A New Dialogue of Man with Nature)
[in Russian], Moscow, URSS, 2003, 310 p.

21  All-Union Meeting “Heterogeneous Catalysts in Chemical 
Industry”, Moscow, Izd. AN SSSR, 1951.

22  Mishakov I. V., Chesnokov V. V., Buyanov R. A., Pakhomov 
N. A., Kinetika I Kataliz, 2001, Vol. 42, No. 4, P. 598–604.

23  Mishakov I. V., Buyanov R. A., Chesnokov V. V., Kataliz v 
Promyshlennosti, 2002, No. 4, P. 33–39.

24  Mishakov I. V., Chesnokov V. V., Buyanov R. A., Dokl. Aka
demii Nauk, 2002, Vol. 386, No. 1, P. 65–68.

25  Buyanov R. A., Parmon V. N., Chemistry for Sustainable 
Development [in Russian], 2016, Vol. 24, No. 6, P. 705–711.

26  Podyacheva O. Yu., Ismagilov Z. R., Buyanov R. A., Chemi
stry for Sustainable Development [in Russian], 2016, Vol. 24, 
No. 1, P. 57–60.

27  Buyanov R. A., Parmon V. N., Kataliz v Promyshlennosti, 
2013, No. 3, P. 11–15.

28  Molchanov V. V., Chesnokov V. V., Buyanov R. A., Zaytse-
va N. A., Kinetika i Kataliz, 1998, Vol. 39, No. 3, P. 407–415.

29  Molchanov V. V., Chesnokov V. V., Buyanov R. A., Zayt-
seva N. A., Zaykovsky V. I., Plyasova L. M., Bukhti-
yarov V. I., Prosvirin I. P., Novgorodov B. N., Kinetika i 
Kataliz, 1998, Vol. 39, No. 3, P. 416–421.

30  Molchanov V. V., Chesnokov V. V., Buyanov R. A. Zaytse-
va N. A., Zaykovsky V. I., Kinetika i Kataliz, 2005, Vol. 46, 
No. 15, P. 701–710.

31  Gayday N. A., Kiperman S. L., Kinetika i Kataliz, 1974, 
Vol. 15, No. 4, P. 954–962.

32  Grigoriev A. P., Lifshits S. Kh., Shamaev N. N., Kinetika i 
Kataliz, 1977, Vol. 18, No. 4, P. 948–952.

Supplement

ABBREvIATIONS

PNS – polyfunctional nano-sized system;
CNM – carbon nanomaterial;
PCNR – physicochemical nano-sized robot;
MR – molecular robot;
MCC – mechanism of carbide cycle;
[Ø] – physical functions;
[Х] – chemical functions.


