
Study on electrochemical effects of carbon nanotube material 

defects 

Zhuo Chen1 

1 School of Civil Engineering, Qingdao University of Technology, Qingdao, 

Shandong, China, 266033 

 

chenzhuohero@163.com 

Abstract. The study and implementation of clean, efficient, and long-lasting forms of new 

energy are currently the focal point of scientific inquiry all over the globe. Carbon nanotubes are 

excellent hydrogen storage materials, catalyst carriers, and electronic device components due to 

their outstanding electrochemical properties and near-ideal one-dimensional nanospace. The 

periodic structure of the crystal and the surrounding charge distribution can be effectively altered 

by constructing defects in electrode materials or electrocatalysts, as has been demonstrated in a 

large number of recent studies. This paper provides a summary of the interaction of carbon-

carbon double bonds, an analysis of the electrochemical properties of single-wall carbon 

nanotubes with various chiral graphene defects, and an investigation of the electrochemical 

properties of double-walled carbon nanotubes with blade dislocation, spiral dislocation, and their 

composite structures, all based on molecular dynamics simulation. 
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capacitance performance. 

1.  Introduction 

Molecular dynamics (MD) is a deterministic simulation method that models the gradual equilibrium of 

atoms in a system based on a microscopic description of the existence of a determined physical system 

[1–5]. MD is ideally suited to the study of microscopic carbon nanomaterial systems [6–11].  

In cyclic voltammetry, the current through carbon nanotube electrodes is measured and clearly analyzed 

as a function of potential. In general, the flat panel capacitor model can be used for ideal equivalent 

treatment of electrodes with electric double-layer capacitors, and the capacitance calculation formula is: 

 c =
s ξ

d
 (1) 

c means capacitance ( F ); ξ means permittivity ( F/m ); S is Equivalent effective area of double 

electric layer ( m2 ); d is Equivalent double electric layer thickness ( m ). 
However, it is difficult to actually test the parameters, so we can replace them with the equivalent: 

 C =
c

m
=

I Δt

m ΔU
 (2) 
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where “m” is the mass of the electrode material. The unit of “C” is in F/g. 

It is precisely because of the existence of defects and dislocation structures that the application 

prospects of carbon nanotubes in various aspects such as optoelectronics are seriously affected, so 

thorough investigation into them is likely to encourage the widespread application of carbon nanotubes 

in a variety of fields in the future society. 

This paper provides a summary of the interaction of carbon-carbon double bonds, an analysis of the 

electrochemical properties of single-wall carbon nanotubes with various chiral graphene defects, and an 

investigation of the electrochemical properties of double-walled carbon nanotubes with blade 

dislocation, spiral dislocation, and their composite structures, all based on molecular dynamics 

simulation. 

2.  Study of Capacitive properties of nanotube materials 

Carbon nanotubes of diameter 50 nm were successfully prepared by vapor deposition method by J.H. 

Chen et al. [12], and cyclic voltammetry tests revealed that carbon nanotube electrodes exhibited typical 

electric double layer capacitor characteristics.  

Well-aligned CNT Arrays Catalyzed with Porous Anodic Aluminum Oxide Template were prepared 

by He Chunjian et al., [13] following in the footsteps of J.H.Chen. Carbon nanotubes are assembled into 

a supercapacitor electrode and the whole thing is put together. Outstanding electrochemical properties 

are demonstrated by the results, indicating that the electrode is highly effective.  

Afterwards, the carbon nanotube and KOH mixture was subjected to a high-temperature activation 

treatment for 90 minutes, as described by K. Jurewicz et al. [14]. (multi-walled carbon nanotubes and 

K0H mixed in the ratio of 4:1 mass ratio). High-temperature activation experiments reveal a dramatic 

increase in carbon nanotube functional groups, suggesting that this approach is clearly conducive to 

boosting the specific capacity of carbon nanotube supercapacitors.  

Just a small number of studies and analyses have looked at how carbon nanotube defects affect their 

electrochemical properties; most of the existing research and analysis is based on different electrode 

materials or a mixture of carbon nanotubes and other materials. 

3.  Defects of carbon nanotube materials 

During production and preparation, the preparation of carbon nanotubes is imperfect, and it is inevitable 

that certain defects will be generated in the tube wall of carbon nanotubes, which will have a certain 

degree of impact on the physical and chemical properties of carbon nanotubes (such as stability, 

diffusion coefficient, and material transport performance, etc.).  

Commonly observed defects include substitution defects caused by vacancy defects and impurity 

intrusion, and vacancy defects include single atom vacancy defects and diatomic vacancy defects. 

Furthermore, thermal vibration caused by high temperature or tensile multi-directional stress can affect 

carbon nanotubes and cause them to form a graphene (Stone-Wales) defect [15], so that carbon 

nanotubes at high temperatures and under certain conditions, easily open at the p-n junction. [16] 

4.  Electrochemical properties of defective carbon nanotubes 

4.1.  Capacitive properties of different types of defective carbon nanotubes 

Li Zhongqiu et al. examined the capacitance properties of handrail faulty carbon nanotubes and jagged 

defective carbon nanotubes using them as examples [17]. First, the dislocation structure of the double-

walled carbon nanotubes structured like a handrail is produced. The carbon nanotubes are staggered 

from left to right and spaced 1.23 Å apart from top to bottom, so that the inner tube of the upper tube 

and the outer tube of the lower tube, as well as the outer tube of the upper tube and the inner tube of the 

lower tube, are aligned precisely. After a 100 ps delay at room temperature, edge dislocations and 

screw dislocations of armrest-type double-walled carbon nanotubes and their composite structures were 

formed. Similarly created in this manner is the composite dislocation structure of sawtooth double-

walled carbon nanotubes. Since the theoretical radius of the handrail type carbon nanotube (n, n) is: 
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 𝑅𝐴 =
3na0

2π
= 0.678n (3) 

Subject to the above qualifications, we can conclude that the diameter relationship of coaxial handrail 

type double-walled carbon nanotubes should be satisfied |RA1 −  RA2| = 0.678|n1 − n2| ≥ 3.4Å. In 

other words, Δn = |n1 − n2| = 5.1. That is to say, because n is an integer, the model parameter 

difference between the two walls of the handrail type double-walled carbon tube should be 5 or 6, so 

they simulated the handrail type dislocation double-walled carbon nanotubes of different diameters. 

4.2.  Electroconversion properties of different types of defective carbon nanotubes 

Using the aforementioned armrest dislocation carbon nanotube method, two sawtooth double walled 

carbon nanotubes of the same model are placed staggered with a distance of 1.42Å from top to bottom, 

with the inner tube of the upper tube aligned with the outer tube of the lower tube, and the outer tube of 

the upper tube aligned with the inner tube of the lower tube. Delaying 100000 steps (100 ps) at room 

temperature yielded the edge dislocation and screw dislocation of sawtooth dislocation double walled 

carbon nanotube, as well as the composite structure of these two dislocations. Since the diameter 

coefficient of the inner tube and the outer tube, Δn = |n1 − n2| = 8.7, must be an integer, the difference 

between their pipe diameter coefficients must be 8 or 9, and the pipe diameter coefficient difference of 

10 is also made as an integer. Bi-walled carbon nanotubes with a serrated dislocation and a range of 

coefficient differences were thus obtained. 

 

Figure 1. Thermal stability curve of a handrail type dislocation double-walled carbon nanotube with 

a tubular type parameter difference of 5 [17]. 

 

Figure 2. Thermal stability curve of a handrail type dislocation double-walled carbon nanotube with 

a tubular type parameter difference of 6 [17]. 
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Figure 3. Thermal stability curve of double-walled carbon nanotubes with serrated dislocation 

deviation 9 [17]. 

 

Figure 4. Experimental trend of cross-movement of serrated dislocation carbon nanotube blade 

dislocation and spiral dislocation [17]. 

As shown in Figure 1-4, analysis revealed that handrail type and serrated double-walled carbon 

nanotubes can generate some relatively stable and symmetrical composite dislocation structures at the 

joint; after the occurrence of stratigraphic dislocation, the nanotubes will form four screw dislocation 

structures; and through these four screw dislocations, the outermost layer of the blade dislocation and 

the innermost layer of the blade dislocation can be connected. The inner tube of a handrail-type 

dislocation double-walled carbon tube tends to expand outward, which can effectively increase its 

capacitance, the electrical conversion efficiency is reduced, and the conductivity deficiency is 

significantly reduced; the inner pipe of a jagged inner dislocation double-walled carbon tube tends to 

converge inward, which results in a gradual decrease in capacitance, an increase in electrical conversion 

efficiency, and a steady conductivity. This demonstrates that the electrochemical properties of the 

electrode material may be altered by introducing defects into the crystalline material at the right places. 

The efficient electrocatalytic performance is a result of the metal particles being effectively fixed on the 

carrier, which is made possible by the enhanced interaction between the metal and the oxide carrier 

made possible by the unique electronic structure of the defect structure itself and the coordination 

environment around it. 
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5.  Conclusion 

Carbon nanotubes are a great electrode material for supercapacitors because of their low equivalent 

series resistance and high power characteristics, thanks to their unique hollow structure and high 

electrical conductivity. Varying flaws have different impacts on the conductivity, electrical conversion 

efficiency, capacitance performance, and other features of carbon nanotubes, and these influences have 

led to various variations in the electrochemical properties of carbon nanotubes and their use as electrode 

materials. The effect of composite materials on the electrochemical characteristics of carbon nanotubes 

with different flaws is not investigated in this paper, but it will be in the future. 
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