
Proceedings of Asia International Conference on Tribology 2018, pp. 21-22, September 2018 

__________ 

© Malaysian Tribology Society 

 

Molecular dynamics analysis of anti-copper-corrosion additives in 
solution 

K. Nishikawa1,*, H. Akiyama1, K. Yagishita2, H. Washizu1 

 
1) Graduate School of Simulation Studies, University of Hyogo, 

7-1-28 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo 650-0047, Japan. 
2) JX Nippon Oil & Energy Corporation, 8 Chidoricho, Naka-ku, Yokohama, Kanagawa 231-7153, Japan. 

  
*Corresponding e-mail: sa17i012@sim.u-hyogo.ac.jp 

 

Keywords: Molecular Dynamics; copper; surface adsorption 

 

 

ABSTRACT – Molecular dynamics simulation are used 

to analyze the dynamics of anti-copper-corrosion 

additives and the mechanism of adsorption onto the 

surface of copper and prevent corrosion. We use 

molecular dynamics simulation which involves chemical 

reaction to analyze the dynamics of adsorption and the 

properties of the surface structure of the ensemble of 

additive molecules on the copper. Orientation of the 

additives on the surface is discussed.  

 

1. INTRODUCTION 

Newly formed metal surface is usually unstable and 

becomes stable when it is terminated with another 

molecule, but the original physical properties may be 

diminished when it is covered with oxygen or gasses in 

atmosphere. Anti-copper-corrosion additives adsorb onto 

the surface of cupper and it is used in order to prevent this 

phenomenon and maintain copper`s properties.  There are 

few molecular findings about anti-copper-corrosion 

additive, however, and the mechanism of adsorption onto 

the surface of cupper and how they prevent corrosion. 

Recently, real-time instrumentation technique using 

Otto-SPR was proposed, and it is getting possible to 

observe how additives adsorb onto the surface in 

molecular level. In this paper, we use molecular 

dynamics (MD) simulation which involves chemical 

reaction to study the mechanism of the adsorption. 

Benzotriazole C6H5N3 (BTA) is one of the famous anti-

copper-corrosion additive, and BTA are used to prevent 

corrosion and discoloration of copper and copper alloy 

for a long time. The mechanism is considered as 

following. The hydrogen atom in imino radical (>C=NH) 

of BTA reacts with surface of copper and makes 

monolayer, then this formation of monolayer is assumed 

to be crucial to prevent corrosion and discoloration. Since 

the chemical interaction is dominant, quantum 

calculation is used to analyze the adsorbed additives [1, 

2]. In this study we used MD so that ensemble of 

adsorbed molecules can be discussed. 

 

2. METHODOLOGY 

In this study, we simulate and visualize the 

adsorption process of BTA onto the surface of copper 

oxide (CuO) using MD and analyze the properties of 

adsorbed layer. Under a given condition, the atoms move 

toward the distribution in thermal equilibrium from 

solving equation of motion about a lot of atom system. 

As potential function of interacting force, we use Reax 

Force Field (ReaxFF) potential. ReaxFF potential is able 

to represent formation and cleavage of bonds, because 

the parameter comes from quantum chemical calculation. 

In addition, ReaxFF potential is compatible with a lot of 

elements. To calculate the system of copper and anti-

copper-corrosion additive, we use molecular dynamics 

calculations software LAMMPS (Large-scale 

Atomic/Molecular Massively Parallel Simulator). 

LAMMS is an open source that is good at efficient 

execution of time integral execution and highly diverse 

in parallel computer.  

To represent anti-copper-corrosion additive`s 

adsorb onto the surface of cupper, we modeled anti-

copper-corrosion additive and copper at first. Then 

stabilize each molecule with ReaxFF potential. Next, we 

preform MD calculation with anti-copper-corrosion 

additive and copper in same space. For anti-copper-

corrosion additive, we dispose 20 BTA molecules in a 

random order. The initial state of the model is shown in 

Fig. 1. In order to analyze properties of formulation of 

monolayer made from anti-copper-corrosion additive`s 

adsorb, we focused on orientation of BTA molecules and 

calculate order parameter function f defined by the 

equation (1). 
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Where is an angle between focused axis and vertical 

vector from BTA molecule`s surface and <> denote the 

statistical average. When BTA molecule is non-oriented, 

coefficient of orientation < cos
 
! >  will be 1/3 as a 

statistical average. If copper`s surface and BTA 

molecule`s surface is verticality (a), θ will be 0°or 180°, 

thus < cos
 
! > will be 1. And if copper`s surface and 

BTA molecule`s surface is parallel (b), θ will be 90°or 

270°, thus < cos
 
! > will be 0. Therefore, if copper`s 

surface and BTA molecule`s surface is verticality 

oriented, coefficient of orientation f will be 1, if BTA 

molecule is non-oriented, it will be 0, and if copper`s 

surface and BTA molecule`s surface is parallel, it will be 

0, respectively. Thereby the smaller the value is, the more 

copper`s surface and BTA molecule`s surface become 

verticality. 
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3. RESULT OF SIMULATION 

From initial state shown by Figure 1, we simulate 

the diffusion of BTA molecules onto the surface of copper. 

 

 
Figure 1 Initial placement of BTA molecules for the MD 

simulation. 

 

The setup condition of temperature is set to 300 K, 

time step size is 0.1fs, and number of steps is 2,000,000 

respectively. Figure 2 shows the way of BTA molecule`s 

adsorb onto the surface of cupper. Properties of BTA 

molecule`s adsorb takes 3 main patterns. First pattern, 

BTA molecule adsorbs onto the surface of cupper by 

alone. Second pattern, at first form a group of BTA 

molecule then adsorbs onto the surface of cupper. Third 

pattern, at first each BTA molecule adsorb onto the 

surface then form a group. In addition to these properties, 

after adsorb onto the surface of copper BTA molecules do 

not stay on the place, they adsorb but move on the surface 

and many of it gets together.  Details of the simulation 

are informed in the presentation. 

 

 
Figure 2 Snapshots obtained from the MD simulation. 

 

4. ANALYSIS OF ADSORBED MOLECULES 

Properties of anti-copper-corrosion additive BTA 

molecule`s adsorption from the trajectories come out of 

the simulation. Focus on the last step of BTA molecules, 

BTA molecules that adhere to copper`s surface make 

layer in parallel. In order to analyze this property, we 

compare molecules that adsorb onto copper`s surface by 

alone and molecules that form a group. To compare these 

things, we calculate average of the coefficient of 

orientation. The number of samples are 3 molecules 

which are in the pattern adsorb by alone (Figure 3), and 

11 molecules in the pattern form a group (Figure 4). 

Average of coefficient of orientation before BTA 

molecules adsorb are near 0 in both case, so orientation 

of molecules is in random structure. In pattern BTA 

molecules that adsorb by alone (Figure 3), increase of the 

number of molecules that`s orientation is parallel as 

molecules adsorb. Therefore, coefficient of orientation f 

becomes negative value and this result is different from 

the result calculated by density functional theory [1,2]. 

Whereas in pattern BTA molecules that adsorb by group 

(Figure 4), coefficient of orientation f does not become 

negative value. For this result, it is thought of as only few 

molecules adsorb onto copper`s surface directly. 

 

 
Figure 3 Time development of orientation function 

calculated from simple adsorbed molecules. 

 

 
Figure 4 Time development of orientation function 

calculated from molecules adsorbed by lumps. 

 

5. CONCLUSION 

We analyzed the properties of BTA molecule one of 

the anti-copper-corrosion additive adsorb onto copper`s 

surface by molecular dynamics using reaxFF. In this 

research we simulated the oxidized copper (CuO) and 

BTA molecules one of the anti-copper-corrosion additive. 

BTA molecules have a property that adsorb onto copper`s 

surface and make layer in parallel. BTA molecules which 

adsorbs by alone, it makes surface diffusion on oxide 

copper and some of it gets together.  
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