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The presence of the metal compounds in the acryle-nitrile nanopolimer (PPAN) leads to the formation 

of the metal nanoparticles. The metal-carbon nanocomposites based on PPAN including pair connections 

with iron and cobalt has been theoretically investigated. The spatial configuration of the nanocomposite for 

each option of the arrangement of metal atoms has been received. The analysis of the received results for 

all options of the arrangement of the metal atoms allowed defining the binding energy of the systems and 

the width of the forbidden gap ΔЕg of the nanocomposite. The analysis of the electronic and energy struc-

tures of the system found out that the introduction of the metal atoms leaded to the essential reduction of 

the width of the forbidden zone of the composite in comparison with the pure PPAN. 
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1. INTRODUCTION 
 

It is experimentally revealed [1, 2] that processes of 

chemical transformations in acryle-nitrile nanopolimer 

(pyrolyzed polyacrylenitrile PPAN) lead to formation of 

the nanoparticles of the metal evenly distributed and 

included in structure of a carbon matrix. It is possible 

to the presence of the metal compounds. The essential 

interest to the nanostructured materials including a 

nanoparticle of ferromagnetic metals in its structure, is 

caused by the specific magnetic properties which are 

showing in a nanodimensional state: high magnetization, 

possibility to change the values of coercive force due to the 

dependence of this quantity from the sizes of nanoparti-

cles, Curie's lower temperature, high anisotropy, etc. De-

spite the active using and the numerous pilot researches 

of nanocomposites based on PPAN till our days the geo-

metrical structure (morphology) and the features of the 

electronic and power structure of metal-carbon materials 

are not enough studied. The optimum structure of PPAN 

was defined in the work [3, 4] with the using of the semi-

empirical MNDO, PM3 methods and the density of func-

tionality theory [5-8] (with functionality of B3LYP, PBE). 

This work presents the results of the theoretical research 

of metal-carbon nanocomposites based on PPAN including 

nanoparticles of the pair connections with the metals of 

iron and cobalt. 

The model of a monolayer of carbon material at 

which there were two atoms of metal – atoms of iron 

and cobalt was used for the research of the structure 

and the calculation of the electronic and power charac-

teristics of metal-carbon nanocomposites based on the 

PPAN. These atoms were built in the PPAN plane, re-

placed the atoms of a monolayer in the following op-

tions: 1) replaced six next atoms of carbon, 2) replaced 

5 atoms of carbon and 1 atom of nitrogen. To make the 

calculations of a nanocomposite, the cluster containing, 

besides atoms of carbon, 6,7 % of hydrogen, 8,71 % of 

nitrogen and 1,34 % of a replacing element (atoms of 

metals) was got out. The calculations were carried out 

within the density of the functional theory with the 

using of the potential of B3LYP. Two options of the 

arrangement of the metal atoms in the plane of the 

monolayer PPAN differing with an atomic encircle-

ment, namely, by existence (or absence) atom of nitro-

gen in the immediate environment were investigated. 

The considered options are presented in Fig. 1. 
 

 
 

 
 

Fig. 1 – a) The option of the 1st arrangement of the atoms of 

iron and cobalt in the planes of the monolayer of PPAN, atom 

of N is located at the distance of the second neighbor; b) The 

option of the 2d arrangements of the atoms of iron and cobalt, 

atom of nitrogen is in the immediate encirclements 
 

The spatial configuration of the nanocomposite for 

each option of the arrangement of the metal atoms was 

received as a result of the calculations executed with 

full optimization of the geometry of metal-carbon sys-

tem. And also the analysis of the results discovered 

that there was a curvature of the plane of the monolay-

er of the nanocomposite received from initially planar 

monolayer of PPAN, besides, the atoms of the monolay-

er and the introduced metal atoms which formed new 

hexagonal and pentagonal structures (Fig. 2, 3) for all 

options and for all considered atoms of metals. The 
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distance between the atoms of iron and cobalt for both 

options was equal 1,57 Å that corresponded to the  in-

teratomic distances in a cubic lattice. 
 

 
 

 
 

Fig. 2 – Clusters of a metal-carbon nanocomposite based on 

PPAN for option of the 1st arrangement of the metal atoms of 

in the monolayer plane: a) top view, b) side view 
 

 
 

 
 

Fig. 3 – Clusters of a metal-carbon nanocomposite based on 

PPAN for option of the 2nd arrangements of the metal atoms in 

the monolayer plane: a) top view, b) side view 
 

The analysis of the received results for all options of 

the arrangement of the metal atoms allowed defining 

the binding energy of the systems and the width of the 

forbidden gap ΔЕg the nanocomposite, represented in 

Table 1. The values of the binding energy, comparable 

with the values of the energy for the pure PPAN, 

proved that the received metal-composites were stable. 

It is established that the introduction of the metal at-

oms in the monolayer of PPAN leads to the reduction of 

the width of the forbidden gap in comparison with the 

width ΔЕg of the pure PPAN. 

The analysis of the electronic and energy structures 

of the nanocomposite showed that levels of the molecu-

lar orbitals (MO) were being grouped in zones. MO 

were responsible for the conditions of the valency zone 

2s- and 2p-atomic orbitals (AO) of carbon and nitrogen 

atoms of PPAN made an important contribution to the-

se conditions. The bottom of the conductivity zone was 

composed of atomic orbital, the energy levels corre-

sponding 2p-AO of the carbon atoms gave the main 

contribution in this one. For PPAN with the introduced 

metal atoms of side by side with the deposits of atoms 

of C and N the orbitals were found. The main contribu-

tion was bringing by 2s-and 2p-orbitals of iron and co-

balt atoms and their levels were located in the border 

of the conductivity zone (give the contribution to the 

bottom of the conductivity zone). That leaded to reduce 

the bottom of the conductivity zone in comparison with 

the pure PPAN and leaded to the corresponding reduc-

tion of the width of the forbidden gap in both cases of 

the arrangement of the metal atoms in the plane of the 

monolayer of PPAN.  
 

Table 1 – Electronic and energy characteristics of metal-

carbon nanocomposites based on PPAN with the introduced 

pair atoms of iron and cobalt: Eb – binding energy, ΔEg – width 

of the forbidden gap 
 

Options number Eb, eV ΔEg, eV 

1 7,48 0,05 

2 7,49 0,07 

Pure PPAN Eb  7,69 eV 

ΔEg = 3,40 eV 
 

So, the realized researches allowed to define the 

features of the geometry of the received metal-phase 

composites based on PPAN monolayer with the intro-

duced pair atoms of iron and cobalt, and the found dis-

tances between the atoms of Fe and Co permitted to 

conclude that they corresponded to the interatomic 

distances in the cubic lattice. In addition, this model is 

the first approach to the further learning of the fea-

tures how to form the metal clusters in PPAN struc-

ture. Besides, the analysis of the electronic and power 

condition of this system found out that the introduction 

of the metal atoms leaded to the essential reduction of 

the width of the forbidden gap of the composite in com-

parison with the pure PPAN. That allowed to certainly 

change the conductive characteristics of the metal-

composite. And it can also have impact, in its turn, on 

the magnetic properties of the system. 
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