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1. Introduction 

 
Recently, an intensive search has been conducted for 

new materials and the study of their electrophysical 
properties, aimed at creating the active elements of modern 
nanoelectronics (Dragoman and Dragoman 2017, Murali 
2012). Especially this problem has become urgent for 
obtaining nanomaterials with specified electrophysical 
characteristics for miniaturization of electronic components 
(Marani and Perri 2017, Agrait et al. 2003, Sergeyev and 
Zhanturina 2019), since the use of nanoscale electronic 
components provides huge savings in the consumption of 
electrical energy from power sources and it allows many 
times to reduce the size and weight of the equipment. The 
creation of such elements requires a theoretical and 
experimental study of the electric transport properties of 
individual molecules, which is of interest from the point of 
view of applied applications (Cuevas and Scheer 2017, Paul 
et al. 2014, Sergeyev 2020a). One of the promising nano 
objects for this purpose is one-dimensional (1D) 
nanostructures, such as nanotubes and nanowires, which 
have unusual electrophysical properties (Xiang et al. 2020, 
Kumar 2018, Sergeyev 2020b). In this regard, carbon 
nanotubes (CNTs) are primarily considered as promising 
materials for the development of nanoelectronic elements. 
The combination of various seamless or cross-connections 
built from CNTs with different types of conductivity forms 
a Schottky rectifying barrier. They are well suited to solve 
the problems of miniaturization of various electronic 
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devices (Fuhrer et al. 2000). To miniaturize electronic 
devices, the transport properties of CNTs in the form of 
intramolecular contacts are especially widely studied (Wu et 
al. 2018). 

A special type of single-walled nanotubes with a very 
small cross-section in the form of a regular polygon are 
prisman nanotubes – polyprismanes. [n, m] -polyprismanes 
are atomic rings stacked in layers, where m is the number of 
vertices of the ring, n is the number of layers. According to 
the estimate given in Maslov et al. (2020), the number of 
ballistic channels for polyprismanes increases with their 
effective diameter. The calculations were carried out using 
the density functional theory in the Quantum Espresso 
program. It turned out that metallic carbon C[n, 7]- and C[n, 8] 
-polyprismanes have six ballistic channels. This means that 
they have a conductivity of 6G0 (here G0 is the quantum of 
conductivity). It is assumed that the conductive properties 
of polyprismanes result from the hybridization of local 
atomic orbitals from various layers of the nanostructure into 
the global molecular orbital near the Fermi level. In this 
case, the electrons belonging to the molecular orbital that 
crosses the Fermi level become delocalized and participate 
in the appearance of conductivity. Note that the electronic 
conductivity near the Fermi energy of traditional metal 
CNTs is significantly lower than that of polyprismanes. 

Recently, to create various nanodevices, telescoping 
multi-walled nanotubes connected by a van der Waals bond 
have found application. Such nanostructures are formed 
from CNT compounds by the electrical sharping technique 
(Cumings and Zettl 2000). In such systems, inter-shell 
interaction plays a key role in structural stability and 
electronic property (Pomorski et al. 2003). Note that inter-
shell electron transport in telescoping CNTs is similar to 
electron transport through molecules in terms of the fact 
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Abstract.  In the framework of the density functional theory combined with the method of non-equilibrium Green functions 
(DFT + NEGF), the electric transport properties of a one-dimensional nanodevice consisting of telescoping polyprismanes with 
various types of electrical conductivity were studied. Its transmission spectra, density of state, current-voltage characteristic, and 
differential conductivity are determined. It was shown that С[14,17], С[14,11], С[14,16], С[14,10] show a metallic nature, and 
polyprismanes С[14,5], С[14,4] possess semiconductor properties and has a band gap of 0.4 eV and 0.6 eV, respectively. It was found 
that, when metal С[14,11], С[14,10] and semiconductor С[14,5], С[14,4] polyprismanes are coaxially connected, a Schottky barrier is 
formed and a weak diode effect is observed, i.e., manifested valve (rectifying) property of telescoping polyprismanes. The 
enhancement of this effect occurs in the nanodevices С[14,17] – С[14,11] – С[14,5] and С[14,16] – С[14,10] – С[14,4], which have the 
properties of nanodiode and back nanodiode, respectively. The simulation results can be useful in creating promising active one-
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that both of them occur in a finite region (Pomorski et al. 
2004). In work (Yan et al. 2006), such coaxial CNTs are 
used to develop a nanoswitch. It turned out that such 
switches are conveniently turned on or off using the relative 
movement of the pipes along the axis of the tube. 

One of the active electronic components of 
nanoelectronics is nanodiodes. They are nanodevices 
capable of transmitting electric current in one direction. 
Currently, several options have been proposed for the 
implementation of nanodiodes based on various materials, 
for example, based on hybrid materials from organic and 
inorganic semiconductors (Pinto and Gonzalez 2006), based 
on the graphene–semiconductor interface (Lee et al. 2016), 
based on the metal–oxide (Lee et al. 2019) and others. 

Note that at present, along with 1D Schottky 
nanodiodes, theoretical and experimental studies of two-
dimensional (2D) nanodiodes are being intensively carried 
out (Wang et al. 2020). In paper (Liu et al. 2020), 
calculations were performed within the framework of the 
density functional theory, that demonstrate asymmetric 
electronic properties in the metal – semiconductor – metal 
interface, which consists of combinations of van der Waals 
heterostructures. Based on the calculation of the surface 
potential (using the 2D density of states in combination 
with the Fermi-Dirac distribution for the statistics of 
electrons and holes), a new analytical model has been 
developed to describe the current-voltage characteristics of 
field-effect transistors made of 2D materials with a 
Schottky barrier (Ahsan et al. 2020). In paper (Lan et al. 
2020), it was shown from first principles that the electronic 
properties of graphene and MoTe2 layers are well preserved 
in heterostructures due to weak van der Waals interlayer 
interaction, and the Fermi level moves towards the 
minimum of the conduction band of the MoTe2 layer, 
forming a Schottky contact on the interface. Such 2D 
transition metal dichalcogenides with internally passivated 
surfaces are promising materials for the development of 

 
 

ultrathin optoelectronic devices. Schottky nanodiodes 
can be used to design rectifiers, logic elements, high-
sensitivity sensors, etc. An interesting application of 2D 
Schottky nanodiodes for monitoring catalytic reactions and 
electronic control of chemical reactions is given in (Park 
and Somorjai 2020). A catalytic nanodiode, which is 
composed of a catalytic metal and semiconductor oxides 
forming a Schottky contact, is an important device for 
understanding the mechanism of catalytic reactions and 
developing a catalyst engineering structure. It allows you to 
directly measure the chemically induced hot electron flux 
and link it to catalytic activity (Lee et al. 2019). For 
example, using such nanodiode, consisting of an ultrathin 
aluminum film deposited on a semiconductor substrate, the 
kinetics of the aluminum – water reaction, which is a 
promising source for hydrogen production, can be 
monitored in real time (Nedrygailov et al. 2019). A key 
factor in evaluating catalytic activity is understanding the 
importance of the role of interfacial centers at the metal – 
oxide interfaces and the flow of hot electrons. To solve this 
problem, (Kim et al. 2020) presented a new design of 
catalytic nanodiodes, which uses as a 1D structure in the 
form of a nanosized Pt wire and a semiconductor substrate. 
In this design, a higher chemical current yield is observed 
compared to a 2D Pt-film/Si nanodiode. This is explained 
by a reduction in the path length of hot electrons at the edge 
of the Pt nanowires, which leads to a high probability of 
transport of hot electrons across the metal – oxide interface. 
Thus, nanosensors based on 1D Schottky nanodiodes have 
attracted attention due to their high sensitivity and speed. 
While Schottky contact nanowire sensors provide excellent 
performance in these areas, they can be further improved by 
a variety of techniques including defect engineering, surface 
modification, and the like (Meng and Li 2020). 

In this paper, based on ab initio calculations, a model of 
a 1D nanodiode based on telescoping polyprismanes with 
different cross sections is proposed. Such nanodiodes can 

 
 

 

(a) (b) 

(c)

Fig. 1 The geometry of a 1D nanodiode based on telescoping polyprismanes С[14,17] – С[14,11] – С[14,5]
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Table 1 The geometrical parameters of carbon [14, m] 
polyprismanes 

m 4 5 10 11 16 17 𝑙∥, Å 1.4811 1.5759 1.4998 1.5030 1.4867 1.6146𝑙ୄ, Å 1.4811 1.5754 1.4515 1.4146 1.4532 1.4282
D, Å 2.0942 2.5499 4.7197 5.0741 7.4740 7.7452

 

 
 

be a fundamental building block for various nanodevices. 
For example, based on them, molecular rectifiers, logic 
elements, low-power ultra-sensitive sensors and others can 
be developed. 

 
 

2. The geometry of telescoping polyprismanes 
 
The geometry of the studied nanodevices, consisting of 

telescoping polyprismanes with different sections 
(diameters), is shown in Figs. 1 and 2. In the work, we 
limited ourselves to the use of polyprismanes, consisting of 
11 layers of prismanes, with a length of ~ 20.42 Å. 
Electrodes were obtained by expanding the closing 
nanotubes along the C axis by ~ 6.31 Å. Two types of 
nanosystems with the same length but with different 
sections of telescoping nanotubes were considered: the first 
nanosystem consists of a combination of polyprismanes 
with odd numbers of rings С[14,17] – С[14,11] – С[14,5] (Fig. 1), 
and the second with even numbers of rings С[14,16] – С[14,10] 
– С[14,4] (Fig. 2). The distance between the electrodes is ~ 52 
Å, where the central region of the С[14,17] – С[14,11] – С[14,5] 
and С[14,16] – С[14,10] – С[14,4] nanosystems is located, 
consisting of 462 and 420 carbon atoms, respectively. The 
distance between polyprismane tubes varies from 1.34 Å to 
1.37 Å (Figs. 1(b), 2(b)). 

The geometry optimization procedure for the 
nanostructures under consideration and the interatomic 

 
 

interaction description were carried out in the framework of 
the density functional theory (DFT), and the generalized 
gradient approximation GGA-PBE (Perdew et al. 1996, 
Ferre et al. 2016) was used as the exchange-correlation 
functional allows to accuratelydescribe similar structures. In 
the optimization of nanotubes, the distance between the 
atoms is completely weakened until the forces on the atoms 
of the molecule become less than 0.02 eV/Å. The main 
parameters of polyprismanes are given in Table 1 and in 
Figs. 1 and 2. In Figs. 1(c) and 2(c), points (Probe 1, 2, 3, 4) 
are marked for measuring the electrical parameters of 
nanodevices. (Hereinafter, when describing the calculated 
electrical parameters of nanotubes between the indicated 
points, for convenience we will use the term 
“measurement”.) 

Fig. 3 shows the electron densities of the considered 
nanodiodes. As can be seen, the electron density at the 
junction of polyprismanes with different cross sections 
prevails over single-walled tubes. Obviously, this is the 
contribution of electrons of various layers of the 
nanostructure. The electron density at the intersection of C17 
and C11 polyprismanes is ~ 525 Å-3, and at the junction of 
C11 and C5 is ~ 290 Å-3 (Fig. 3(a)). For the considered 
polyprismanes with even numbers of atoms in the ring, the 
electron density is slightly lower: for C16 and C10 is ~ 470 Å-

3, and for C10 and C4 is ~ 250 Å-3 (Fig. 3(b)). 
 
 

3. Main equations 
 
Computer simulation of the electrical characteristics of a 

nanostructure was carried out within the framework of the 
density functional theory using the Non-Equilibrium 
Green's Functions (NEGF) method in the local density 
approximation (LDA) (Smidstrup et al. 2017, Stokbro 2008, 
Li et al. 2007). The simulation of the quantum transport 
characteristics of a nanostructure is implemented in the 

pu
(a) (b) 

(c)

Fig. 2 The geometry of a 1D back nanodiode based on telescoping polyprismanes С[14,16] – С[14,10] – С[14,4]
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Atomistix ToolKit with Virtual NanoLab program 
(Smidstrup et al. 2020). (A detailed description of the basic 
equations of this method is given in (Sergeyev and 
Shunkeyev 2018, Sergeyev 2020c)). To calculate the 
current-voltage characteristic (CVC) and differential 
conductivity, the transmission spectrum (function) of the 
considered nanodevice is first determined 

 𝑇ሺ𝜀ሻ ൌ 𝑡𝑟ሾ𝛤௅𝐺𝛤ோ𝐺றሿ ൌ 𝑡𝑟ሾ𝛤ோ𝐺𝛤௅𝐺றሿ, (1)
 

where 𝛤௅ሺோሻሺ𝜀ሻ  is the broadening matrix (broadening 
function) of the left (right) electrode, 𝐺ሺ𝜀ሻ, 𝐺றሺ𝜀ሻ are the 
retarded and advanced Green functions, 𝜀 is the energy. 
The CVC of a nanostructure is calculated on the basis of the 
well-known Landauer equation, which indicates the 
fundamental relationship of electric current with the 
transmission spectrum (Landauer 1970) 

 𝐼ሺ𝑉௅, 𝑉ோ, 𝑇௅, 𝑇ோሻ ൌ 2𝑒
ℎ

න 𝑇ሺ𝜀ሻ ൤𝑓 ൬𝜀 െ 𝜇ோ𝑘஻𝑇ோ ൰ െ 𝑓 ൬𝜀 െ 𝜇௅𝑘஻𝑇௅ ൰൨ 𝑑𝜀ା∞
ି∞ , (2)

 
where 𝑒 is the electron charge, ℎ is the Planck constant, 𝑓ሺ𝜀ሻ  is the Fermi energy distribution function of 
quasiparticles, 𝑘஻ is the Boltzmann constant, 𝑇ோ, 𝑇௅ are 
the current temperatures of the left and right electrodes and 𝜇ோ, 𝜇௅ are the electrochemical potentials of the right and 
left electrodes. 

The differential conductivity of telescoping prism 
nanotubes was obtained by calculating a self-consistent 
current for a number of applied biases and performing 
numerical differentiation 

 𝜎ሺ𝑉௕௜௔௦, 𝑇௅, 𝑇ோሻ ൌ 𝐼ሺ𝑉௕௜௔௦ଵ , 𝑇௅, 𝑇ோሻ െ 𝐼ሺ𝑉௕௜௔௦ଶ , 𝑇௅, 𝑇ோሻ𝑉௕௜௔௦ଵ െ 𝑉௕௜௔௦ଶ . (3)

 
To determine the density of state (DOS) of telescoping 

nanotubes, we first calculate its local density of states 
(LDOS) 

 𝐷ሺ𝜀, 𝑟ሻ ൌ ෍ 𝜌௜௝ሺ𝜀ሻ𝜙௜ሺ𝑟ሻ𝜙௝ሺ𝑟ሻ௜௝ , (4)

 
 

where 𝜌ሺ𝜀ሻ ൌ 𝜌௅ሺ𝜀ሻ ൅ 𝜌ோሺ𝜀ሻ, 𝜙ሺ𝑟ሻ  is the basis orbital. 
The DOS of telescoping nanotubes is obtained by 
integrating LDOS over the entire space 

 𝐷ሺ𝜀ሻ ൌ න 𝑑𝑟𝐷ሺ𝜀ሻ ൌ ෍ 𝜌௜௝ሺ𝜀ሻ𝑆௜௝௜௝ , (5)

 
where 𝑆௜௝ ൌ ׬ 𝜙௜ሺ𝑟ሻ 𝜙௝ሺ𝑟ሻ𝑑𝑟 is the overlap matrix. 

 
 

4. Results and discussion 
 
The evolution of the transmission spectrum of 

polyprisman nanodevices with an increase in bias voltage 
from -2 V to 2 V is shown in Figs. 4 and 5. The bias voltage 
increased with a step of 0.2 V. The transmission spectrum of 
polyprismanes uses the molecular orbit energies for the 
applied bias voltages to determine at which energies the 
electron transport will be the strongest. The spectra were 
built for the HOMO (Highest Occupied Molecular Orbital) 
– LUMO (Lowest Unoccupied Molecular Orbital) energies 
relative to the Fermi level energy, which was considered as 
zero energy (𝜺𝑭 ൌ 𝟎). In Fig. 2 different colored fills show 
various applied voltages (from black (-2 V) to army green 
(2 V)). 

With an increase in the bias voltage, the intensity of the 
transmission spectrum also increases. It is known that the 
greater the number of peaks in the transmission spectrum, 
the higher the indices of the transport of quasiparticles 
through the nanodevice under consideration. At negative 
energy, the intensity of the transmission spectrum prevails 
relative to the intensity at positive energy. The transmission 
spectrum of coaxial polyprismanes С[14,17] – С[14,11] shows 
that only near the Fermi energy does conductivity 
appreciably decrease. The combined polyprismanes С[14,11] 
– С[14,5] in the energy range of -0.7 ÷ 2 eV do not pass 
quasiparticles, forming a HOMO–LUMO gap of 2.7 eV. 
When forming from these tubes the nanodevice С[14,17] – 
С[14,11] – С[14,5] the HOMO–LUMO gap width remains the 
same 2.7 eV, however, a slight shift towards positive energy 
is observed (-0.5 ÷ 2.2 eV), and a series of peak resonant 
structures appears at positive energy. 

(a) (b) 

Fig. 3 Electronic densities of nanodiodes based on С[14,17] – С[14,11] – С[14,5] (a) and С[14,16] – С[14,10] – С[14,4] (b)
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Noticeable changes relative to previous nanoobjects are 

observed in the transmission spectrum of nanodevices from 
polyprismanes С[14,16], С[14,10], С[14,4] (Fig. 5). As can be 
seen, the polyprisman structures from С[14,16] – С[14,10] have 
good conductivity. Combined С[14,10] – С[14,4] nanotubes in 
the range of -1.8 ÷ 3.9 eV do not pass quasiparticles, a wide 
HOMO–LUMO gap of 5.7 eV is formed. During the 
formation of the coaxial structure С[14,16] – С[14,10] – С[14,4], 
the gap remains. 

The simulation results of the CVC and differential 
conductivity of С[14,17] – С[14,11] – С[14,5] nanodevices are 
shown in Fig. 6. (CVC and differential conductivity of the 
nanostructures under consideration were calculated using 
equations (2, 3)). On CVC “measured” between points 
(Probe) 1 and 3 (С[14,17] – С[14,11]) step sections appear in the 
form of “Coulomb staircases” observed in single-electron 
devices (Schönenberger et al. 1993, Kiguchi 2016). 
However, unlike single-electron devices, these step 
structures on the CVC of a nanodevice do not appear 
periodically. Typically, Coulomb staircases are clearly 
observed as oscillations with a constant voltage period in 
the dI/dV-spectrum. In this case, peak structures occur at 
bias voltages of -1.7 V, -1.13 V, -0.68 V, 0.16 V, 0.46 V, 0.9 
V, 1.73 V and their frequency by voltage is not saved. 
Nevertheless, we believe that the nature of these features of 
the CVC between points 1 and 3 is related to the Coulomb 
interaction of quasiparticles in polyprismanes С[14,17] and 

 
 

С[14,11], since the study of similar parameters of 
polyprismanes С[14,16] – С[14,10], given below, indicates the 
dominance of the Coulomb effect in these nanostructures. 

The current I2-4 between points 2 and 4 in the voltage 
range from -2 V to 0.83 V is zero, i.e. a nanodevice from 
С[14,11] – С[14,5] of polyprismanes does not pass current at a 
negative bias voltage (Fig. 6(a), curve 1). This is due to the 
fact that a Schottky rectifying barrier is formed between 
metallic С[14,11] and semiconductor С[14,5] polyprisman. This 
property of the nanostructure could be used for the 
development of nanodiodes, however, the current flowing 
through the structure at a positive voltage of 0.83 ÷ 2 V is 
negligible, the maximum current is only 350 nA at a voltage 
of 1.42 V. The current value at a positive voltage in 25 times 
increases in the case of a coaxial connection of the three 
considered polyprismanes. The current I1-4, measured 
between points 1 and 4 is 9 μA (Fig. 6(a), curve 3). In this 
case, in the voltage range of -2 ÷ 0.9 V, the nanodevice does 
not pass current and the previously observed diode effect is 
preserved. On the dI/dV - spectrum of the nanodiode from 
С[14,17] – С[14,11] – С[14,5] polyprismanes two peaks of 128 
mS, 206 mS at a voltage of 1.28 V and 1.73 V, respectively 
are clearly observed (Fig. 6b, curve 3). As can be seen, the 
structure of the peak of the dI/dV-spectrum at 1.73 V is 
preserved and is a copy of the С[14,17] – С[14,11] 
polyprismanes peak, and the peak value at 1.28 V increased 
from 3 μS (С[14,11] – С[14,5]) up to 128 mS. 

(a) (b) 

 
(c)  

Fig. 4 Transmission spectra of nanodevice С[14,17] – С[14,11] – С[14,5]: 
(a) С[14,17] – С[14,11]; (b) С[14,11] – С[14,5]; (c) С[14,17] – С[14,11] – С[14,5] 
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The electrical characteristics of the second nanoobject, 

consisting of a combination of polyprismanes С[14,16], 
С[14,10], С[14,4], are presented in Fig. 7. Apparently, they have 
other (opposite) electrical characteristics. On СVC 
“measured” between points (Probe) 1 and 3 (С[14,16] – 
С[14,10]), as in the previous object, distinct steps of Coulomb 
origin appear (Fig. 7(a), curve 2), since on the dI/dV-
spectrum these Coulomb features manifest themselves in 
the form of quasiperiodic oscillations every ΔV. The 

 
 

 
 

averaged value ΔV ~ 0.7 V. Then it is reasonable to assume 
that the appearance of oscillations in the dI/dV-spectrum 
(the appearance of step structures on the IV-characteristic) 
with a quasi-constant voltage period is associated with the 
effect of the Coulomb blockade (Grabert and Devoret 
1992). Note that with a positive bias voltage on the CVC, 
the steps appear more often than with a negative voltage. 
The peak structures of differential conductivity are almost 
equivalent, their values vary from 9 μS to 12 nS. Dips in the 

(a) (b) 
 

 
(c)  

Fig. 5 Transmission spectra of nanodevice С[14,16] – С[14,10] – С[14,4]: 
(a) С[14,16] – С[14,10]; (b) С[14,10] – С[14,4]; (c) С[14,16] – С[14,10] – С[14,4] 

(a) (b) 
Fig. 6 IV- (a) and dI/dV-characteristics (b) of С[14,17] – С[14,11] – С[14,5] nanodevices: 1 – between points 2 and 4 (green 

curve); 2 – between points 1 and 3 (blue curve); 3 – between points 1 and 4 (black curve). Current indices show 
between which points they are measured
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dI/dV-spectrum occur at voltages of -1.68 V, -1.11 V, 0.2 V, 
0.8 V and 1.67 V. At a voltage of -1.68 V, negative 
differential conductivity is observed (Fig. 7(b), curve 2). 

The current value I2-4 (between points 2 and 4) in the 
voltage range from -1.2 V to 2 V is zero, which means the 
combination of polyprismanes from С[14,11] – С[14,5] does not 
pass current with a positive voltage bias (Fig. 7(a), curve 1). 
This electrical property of the nanostructure is the opposite 
of the property of С[14,11] – С[14,5] tubes. The maximum 
value of the transmitted current is only -55 nA (with Vbias = 
-2V). The current modulus at negative voltage increases to 
115 nA in the coaxial structure of the three considered 
polyprismanes С[14,16], С[14,10], С[14,4]. (Measurement of 
electrical characteristics between points 1 and 4 in Fig. 7). 
In this case, the valve property of the device is saved. This 
allows in the future to create a back nanodiode based on 
them. However, it should be noted that a sharp drop in 
current is observed in the CVC of the nano-object under 
consideration in the voltage range of -1.8 ÷ 1.6 V, forming a 
section of negative differential resistance. This results in the 
tunneling of quasiparticles in the indicated Vbias interval. At 
the dI/dV- characteristic at Vbias = -1.68 V, a negative 
differential conductivity of -140 nS is observed (Fig. 7, 
curve 3). The threshold voltage for turning on the back 
nanodiode is -0.8 V. 

Fig. 8 presents the results of the calculation of the DOS 
 
 

 
 

of polyprismanes С[14,17], С[14,11], С[14,5], С[14,16], С[14,10], 
С[14,4]. As can be seen, polyprismanes С[14,17], С[14,11], С[14,16], 
С[14,10] show a metallic nature. This statement is consistent 
with the results of (Katin et al. 2020), where it was 
established that carbon polyprismanes have a metallic 
nature only at a certain critical diameter, not less than ~ 3.5 
Å. Polyprismanes С[14,5], С[14,4] have a band gap of 0.4 eV 
and 0.6 eV, respectively. This means that as the diameter 
increases, carbon polyprisman undergoes a change in 
electronic properties that strongly affect their electrical 
conductivity. Therefore, the connected polyprismanes 
С[14,17] – С[14,11] and С[14,16] – С[14,10] with metallic properties 
have good conductivity (see Figs. 6 and 7, curve 2). The 
connection of metal polyprismanes С[14,11], С[14,10]] with 
semiconductor С[14,5], С[14,4] will lead to a deterioration in 
conductivity, but weak valve properties appear (the ability 
of a nanodiode to pass current to one direction). Further, 
when connecting to the construction of nanodevices С[14,11] 
– С[14,5], С[14,10] – С[14,4] polyprismanes of С[14,17], С[14,16], 
accordingly, the rectifying effect of nanodiodes is enhanced. 

 
 

5. Conclusions 
 
Thus, in the framework of the theory of functional 

density, in this work, we studied the electrotransport 
 
 

 
 

(a) (b) 
Fig. 7 IV- (a) and dI/dV-characteristics (b) of С[14,16] – С[14,10] – С[14,4] nanodevice: 1 – between points 2 and 4 (green 

curve); 2 – between points 1 and 3 (blue curve); 3 – between points 1 and 4 (black curve). Indices of currents 
shows between which points they are measured

(a) (b) 

Fig. 8 The density of states of prisman nanotubes: (a) С[14,17], С[14,11], С[14,5]; (b) С[14,16], С[14,10], С[14,4]
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properties (transmission spectra, CVC, differential 
conductivity, electron density) of telescoping prisman 
nanotubes С[14,17] – С[14,11] – С[14,5] and С[14,16] – С[14,10] – 
С[14,4]. It is shown that the combination of polyprismanes in 
the form of telescoping nanotubes with different cross 
sections leads to a significant change in their electrical 
properties. The following results were obtained: 

 
● In the range of -0.5 ÷ 2.2 eV, a HOMO–LUMO gap 

is formed in the transmission spectrum of 
telescoping polyprismanes С[14,11] – С[14,5], its width 
is 2.7 eV. The HOMO–LUMO gap of 5.7 eV is also 
observed in the spectrum of the polyprisman device 
С[14,16] – С[14,10] – С[14,4]. 

● On the CVC of polyprismanes С[14,17] – С[14,11] and 
С[14,16] – С[14,10], stepped sections appear in the form 
of “Coulomb staircases” observed in single-electron 
devices. We believe that these steps arise as a result 
of the Coulomb blockade effect. 

● When polyprismanes are connected with different 
types of electrical conductivity, С[14,11] – С[14,5] and 
С[14,10] – С[14,4], a Schottky barrier is formed and a 
diode effect is observed. 

● Polyprisman devices С[14,17] – С[14,11] – С[14,5] in the 
voltage range of -2÷0.9 V (with a negative bias 
voltage) does not pass electric current, i.e. possesses 
the properties of a nanodiode. 

● Polyprisman devices С[14,16] – С[14,10] – С[14,4] in the 
voltage range of -0.8÷2 V (with a positive bias 
voltage) does not pass electric current, i.e. has the 
properties of a back nanodiode. 

● The polyprismanes С[14,17], С[14,11], С[14,16], С[14,10] 
studied in this work exhibit a metallic nature, and the 
polyprismanes С[14,5], С[14,4] have semiconductor 
properties and have a band gap of 0.4 eV and 0.6 eV, 
respectively. 

 
The knowledge of the features of the electrical 

properties of telescoping prismatic nanotubes presented in 
this work is very important for the development of high-
performance nanoelectronic devices, and can serve as a 
valuable guide for the creation of Schottky nanodiodes. 
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