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Abstract: Molecular simulations have received a great importance to model the properties and 

predict behaviors of solids, liquids and gases. The three-dimensional structural model of a material can be 

designed, in many cases, as a set of identical hard spheres occupying an available space. When this space 

is limited to a predetermined region, the properties of the material depend strongly on the arrangement and 

density of the particles; from this the scientific interest in the simulation of particle motions results. The 

consideration of collisions between particles in simulations is fundamental to obtain results, since the 

collisions represent a change of energy in the system, especially in deterministic methods such as 

Brownian dynamics, the general Langevin dynamics (which is an extension of Brownian dynamics), 

Monte Carlo methods (MC), discrete element method (DEM) and molecular dynamics (MD) (Haile, 

1992). 
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Collisions are also associated with a wide range of applications such as robotics, car traffic safety, 

video games and other real-time animation systems, virtual and augmented reality, sensors, nuclear 

reactors, materials science, among others, where they appear in problems of the collision solution and 

prevention and treated by strategies for solving collisions using mathematical, physical or computational 

methods (Nanbu, 1980; Koura, 1990; Haile, 1992; Hubbard, 1995; Ericson, 2004; Tsou and Wayne, 2004; 

Je et al., 2009; Landau and Binder, 2009; Wang et al., 2012; Kala, 2016; Prasad et al., 2016; Capecelatro 

et al., 2018) . Some of these systems can be interpreted as elastic collisions between hard spheres, and 

they are simulated by means of MD.  

In the Chemistry area, processes are determined by the dynamic of collisions. Colloids are a good 

example, defined by the British encyclopedia as “any substance consisting of particles substantially larger 

than atoms or ordinary molecules but too small to be visible to the unaided eye”. Some algorithms of 

molecular dynamics use periodic boundaries, in which the particles can move, instead of a restricted space 

(Haile, 1992). However, more realistic applications require algorithms to model collisions in closed 

spaces.  

Given the importance of collisions in molecular simulations, the modeling of the collisions is 

necessary to determine and predict the behavior of the spheres. If the body is not an ideal sphere, it is 

possible to approximate its shape in this way: inscribing the body within the smallest sphere possible, 

similar to the idea proposed by Torquato and Stillinger in 2010.  

In MD, the position of a sphere i is assigned in a deterministic manner according to the face-centered 

cubic structure (fcc). The velocities are first assigned using a uniform distribution and then are translated 

by a factor making the total linear momentum equal to zero (Haile, 1992), according to the formula 

𝑉𝑥𝑖
𝑛𝑒𝑤 = 𝑉𝑥𝑖

𝑜𝑙𝑑 −
1

𝑁
∑ 𝑉𝑥𝑖

𝑜𝑙𝑑𝑁
𝑖  and similarly for the y- and z- axes. According to Tsou and Wayne (2004), 
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when two congruent spheres i and j having the radius r, the mass m, the position [x, y, z] and the initial 

velocity [Vx, Vy, Vz], collide, the modification of the trajectory and velocity are calculated for sphere i and 

j, according to the following expressions 𝑉𝑥𝑖
𝑛𝑒𝑤 = 𝑉𝑥𝑖

𝑜𝑙𝑑 +
𝐽𝑥

𝑚
  and 𝑉𝑥𝑗

𝑛𝑒𝑤 = 𝑉𝑥𝑗
𝑜𝑙𝑑 −

𝐽𝑥

𝑚
 , respectively. The 

impulse Jx due to the normal force in the x direction at the moment of collision is 𝐽𝑥 =
𝑚 ∆𝑥

𝑟2
(∆𝑽 ∙ ∆𝒓), one 

can use analogous expressions for the y- and z- components. Both particles follow the movements 

according to the new individual velocities until the next collision with another sphere or with a wall, and 

the trajectories continue to be updated throughout the simulation. The velocity of a sphere that hit the 

container wall is obtained by the following vector equation 𝑽𝑟 = [𝑽𝑖 ∙ �̂�]�̂� + [−𝑽𝑖 ∙ �̂�]�̂� ; where Vr is a 

vector that indicates the new velocity of the particle i; Vi is the vector of the initial velocity of the particle, 

�̂� is a vector parallel to the wall of the cylinder, and  �̂�  is the vector of the normal to the particle moving 

direction before the collision at the point, where the particle hits the wall. When a sphere collides with a 

wall, there is no transfer of energy from the sphere to the wall, i.e., a sphere keeps the energy due to the 

considerable difference of the size. The vector of the normal calculation depends on the impact zone and 

the container geometry. The impact zone can be: 1) the lateral wall, 2) top and bottom walls, or 3) two or 

more walls simultaneously. The equations for these cases were developed, they are useful when a sphere 

impacts a single wall, but it is possible that a sphere hits the wall and one of the caps simultaneously. If 

this occurs, the line of movement of the particle is the same but the direction is opposite 𝑽𝑟 = −𝑽𝑖. 

MD provides a methodology for detailed microscopic modeling at the molecular level, which is 

becoming an indispensable tool for both theoretic studies and applied researches (Xu and Li, 2015). The 

movement of spherical bodies under the action of a force field is the principle of the MD simulation; when 

a collision of a sphere with another sphere or with the wall occurs, the velocity is updated according to the 

momentum conservation law (Haile, 1992).  

There are two natural approaches to simulate a system of particles: i) the event-driven simulation 

and, ii) the time-driven simulation. The former focuses on determination of the ordered sequence of 

particle collisions. In this model, all particles move in straight line trajectories at a constant speed between 

collisions. The latter discretizes the time into a number of periods of size dt; the position of each particle is 

updated every dt units of time and the overlaps between all particles are verified. If a collision has 

occurred, the position and the velocity of the particles are updated and the simulation continues.  

In an MD modeling, there are two principal steps: 1) the development of model for the problem and 

2) the simulation of MD applied to the model. The simulation is determined by the generation and analysis 

of the trajectories. The generation of the trajectories is made according to the type of the bodies that are 

being simulated and the permission of overlapping (hard or soft spheres); then the static and dynamic 

properties for received model are calculated.  

The algorithms of an MD simulation are constituted by three stages: 1) Initialization, the initial 

structure is generated according to the face-centered cubic (fcc) lattice; the velocities are assigned to each 

particle according to Maxwell's distribution, causing the system to be in equilibrium; 2) Equilibrium. One 

of the main characteristics of this stage is that, regardless of the initial structure, the results of the 

simulation must be statistically equal. In this stage, the particles move indefinitely until the structure 

becomes disordered; this is measured by the parameter λ. The collision modeling is very important at this 

stage to reach the objective; and, 3) Production. In this last stage, the properties of the system are 

calculated; some equations to determine different static and dynamic properties are defined in terms of 

collisions.  

A simulation of a hard-spheres system in a cylinder was developed using the fundamentals of MD 

and software MATLAB® to compute some structural properties: the atomic packing fraction (APF), the 

radial distribution function and the stats of the collisions during the simulation. The system simulated was 

colloidal silver, since in simulations of colloids the solute particles are considered to be hard spheres, and 

the presence of the solvent is not included into the MD calculations. In 2014, van Swol and Petsev 

established that this exclusion is correct when the solute–solute collisions predominate over the solute–

solvent collisions.  

The equations modeled were applied in the simulated system of colloidal silver. A simulation of a 

hard-sphere system in a cylinder in the software MATLAB® was developed using the fundamentals of 
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MD and the proposed equations to model collisions; some static properties of the system were computed: 

the APF represents the space occupied by atoms in the container, a material of a high APF is considered as 

a dense material, otherwise is a porous material; and the equilibrium structure of liquids and complex 

fluids in general is characterized by the radial distribution function g(r) (RDF), which is proportional to 

the probability of finding two atoms separated by the distance r + r (van Swol and Petsev, 2014).The 

APF of the system was 0.2% and the frequency of collisions in the equilibrium stage was 

feq=2.2810.103Hz while for the production stage, it was fprod=1.3995.105Hz. This model can be used not 

only for atoms/molecules that collide, but also for some rigid bodies. In a future work, particle collisions 

in irregular-shape containers will be modeled since in real systems, the channels are constricted spaces.  

 

Acknowledgements  

This work has been performed as a part of the projects 111/1813 at Universidad Autónoma de Baja 

California and DGAPA-UNAM IN107817.  

 

References  

British encyclopedia. The Editors of Encyclopaedia Britannica: Colloid Physics. Available online: 

https://www.britannica.com/science/colloid (accessed on September 4, 2018)  

Capecelatro, J.; Desjardins, O.; Fox, R.O. On the transition between turbulence regimes in particle-laden 

channel flows. J. Fluid Mech. (2018) 845, 499-519, doi:10.1017/jfm.2018.259.  

Ericson, C. Real-Time Collision Detection; Morgan Kaufmann Publisher-Elsevier: San Francisco, CA, 

USA, 2005; ISBN 1-55860-732-3.  

Franco-Molina, M.A.; Mendoza-Gamboa, E.; Zarate-Triviño, D. G.; Coronado-Cerda, E. E.; Alcocer-

González, J. M.; Resendez-Pérez, D.; Rodríguez-Salazar, M. C.; Rivera-Morales, L. G.; Tamez-

Guerra, R.; Rodríguez-Padilla, C. In Vitro Evaluation of Colloidal Silver on Immune Function: 

Antilymphoproliferative Activity. Journal of Nanomaterials 2016, Article ID 4176212, 8 pages, 

doi:10.1155/2016/4176212.  

Haile, J.M. Molecular Dynamics Simulation: Elementary Methods; John Wiley & Sons, Inc.: New York, 

NY, USA, 1992; ISBN 0-471-81966-2.  

Hubbard, P. M. Collision detection for interactive graphics applications. IEEE Transactions on 

Visualization and Computer Graphics 1995, 1, 218-230, doi:10.1109/2945.466717.  

Je, H.; Baek, J.; Lee, M. A study of the collision detection of robot manipulator without torque sensor. In 

Proceedings of the ICROS-SICE International Joint Conference, Japan, 18-21 August 2009; pp. 4468-

4471  

Kala, R. On-Road Intelligent Vehicles. Motion Planning for Intelligent Transportation Systems. 

Butterworth Heinermann-Elsevier: Cambridge, MA, USA, 2016; ISBN 978-0-12-803729-4.  

Koura, K. A sensitive test for accuracy in evaluation of molecular collision number in the direct-

simulation Monte Carlo method. Phys Fluid Fluid Dynam. 1990, 2, 1287-1289, doi:10.1063/1.857577. 

32  

Landau, D. P.; Binder, K. A Guide to Monte Carlo Simulations in Statistical Physics; Cambridge 

University Press: New York, NY, USA, 2009; ISBN: 978-0-511-65176-2.  

Nanbu, K. Direct simulation scheme derived from the Boltzmann equation. I. Monocomponent Gases. J. 

Phys. Soc. Jpn (1980), 49, 2042, doi:10.1143/JPSJ.49.2042.  

Prasad, S.V.S.; Kumar, G.N.P.; Kumar, D.A.; Niharika B. Smart Car Collision Avoidance System. IOSR-

JCE (2016) 18, 1-3, doi:10.9790/0661-1803040103.  

Torquato, S. and Stillinger, F.H. Jammed hard-particle packings: From Kepler to Bernal and beyond. 

Reviews of Modern Physics (2010) 82, 2633-2672. doi: 10.1103/RevModPhys.82.2633  



 32 

Tsou, B.; Wayne, K. 2004, Molecular Dynamics Simulation of Hard Spheres. Computer Science: An 

Interdisciplinary Approach. Available online: 

https://introcs.cs.princeton.edu/java/assignments/collisions.html (Accessed on August 4, 2018).  

Van Swol, F.; Petsev, D.N. Molecular dynamics simulation of binary hard sphere colloids near the glass 

transition. RSC Adv. 2014, 4, 21631-21637, doi:10.1039/C4RA02391A.  

Wang, P.; Borner, A.; Li, Z.; Levin, D.A. An Advanced Particle-in-cell (PIC) Approach for Electrospray 

Simulation in a Colloid Thruster using Molecular Dynamics Simulation Results. Proceeding of the 

43rd AIAA Thermophysics Conference 25 - 28 June 2012, New Orleans, Louisiana. Pp. 1-23. 

https://doi.org/10.2514/6.2012-2993  

Xu, D. and Li, D. Molecular Dynamics Simulation Method. Encyclopedia of Microfluidics and 

Nanofluidics 2015, 2290-2297. Available online: https://link.springer.com/content/pdf/10.1007/978-1-

4614-5491-5_1052.pdf (Accessed on October 4, 2018).  

 

 

 




