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Comparing 4.4,20,1,1 system to Bates and Luckhurst 

The gayberne potential is a common potential to describe liquid crystals in molecular dynamic simulations.  Four 

numbers are needed to describe this potential, one for each possible orientation two elliptical molecules can interact.   

Bates and Luckhurst found that 4.4, 20, 1, 1 was a good approximation for realistic systems [1].  To match Bates and 

Luckhurst’s results, the system must be found to be in equilibrium.  Simulations were run in Lammps with 3375 

molecules with a timestep of .0025.  The simulation starts at a very low density and is very slowly compressed to a 

number density of .1756 over 500,000 timesteps using a fix deform and a fix nvt/ashpere.  This initial step was done 

to randomize orientation at the given temperature, and to allow the liquid crystals to begin to align.  Once the system 

is at the right density, the system is switched to a fix npt/asphere with a pressure of 2.0 and run for 1,000,000 

timesteps to equilibrate.   

Since the order parameter approaches a singular value and the fluctuations are decreasing, the system can be 

considered to be in equilibrium.  Now that there is a simulation that can reach equilibrium for any given temperature, 

multiple simulations can be run for multiple temperatures.  The order parameter can then be plotted vs. temperature 

which is shown in figure 2.   

 

 

 

 

 

 

      

  Figure 2. order parameter vs. temperature  

In order to tell if the system is in the same state that Bates and Luckhurst found, Enthalpy of the molecular dynamics 

simulation and the monte carlo simulations run by Bates and Luckhurst were compared.  These two results are shown 

in figure 3. 

       

 

 

 

 

 

Figure 3. Both show average enthalpy vs. temperature, left is molecular dynamic results, right is Bates and 

Luckhurst monte carlo results. 

Here the transition temperatures occur at all of the same temperatures, about 1.2 and 1.7, and the graphs seem to 

match well.  It is important to note that in order to account for all degrees of freedom of the ellipsoid, a fix_modify 

must be used with a compute keyword in Lammps.   

Matching Saielli  

In Tommaso Margola, Katsuhiko Satoh, and Giacomo Saielli’s paper “Comparison of the Mesomorphic Behaviour of 

1:1 and1:2 Mixtures of Charged Gay-Berne GB(4.4,20.0,1,1) and Lennard-Jones Particles”  they look at how charged 

ions affects the 4.4, 20, 1, 1 system [2].  The first step was to replicate the system with a 1:1 stoichiometry of Lennard  



Jones ions to Liquid Crystals.  A fix_nvt/asphere and fix_deform were used to initialize the system and get it to the 

right density over 700,000 timesteps with a timestep of .0025.  Next, a fix nvt/asphere was run for 1,800,000 

timesteps to equilibrate the system.  To see if the correct systems were created, the order parameter vs. temperature 

was compared which is shown in figure 4. 

 

 

 

 

 

 

 

Figure 4. Order Parameter vs. temperature, comparing my data to Saielli’s data for 2467 neutral Lennard 

Jones molecules and 2467 Liquid Cyrstals at a density of .261 

Here the transition occurs at a similar point for both sets of data, and the values match somewhat well.  

 In order to relate this system with charge to a realistic system such as p-terphenyl, the reduced charge and 

Bjerrum length were calculated and shown below.  A realistic dielectric constant for an Ionic Liquid crystal is from 4-

10 and a contact parameter, σ, of about 5 angstrom.   

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Now several similar simulations were run at different temperatures with the charge of the liquid crystal at 6.12, the 

Lennard Jones ions at -1 and a dielectric constant of 4.  Order Parameter vs. temperature is shown in figure 5 

however there are still bugs in the simulation script that need to be sorted out as to why there is no ordering at any 

temperature.  

 



 

 

 

 

 

 

 

 

 

Figure 5. Order parameter vs. temperature for charge of 6.13 system 

Key Outcomes 

 We have found some important bugs in the Lammps molecular dynamics software package and I have learned 

about many of the intricacies and oddities of Lammps. When calculating the Enthalpy of a gayberne molecule with 5 

degrees of freedom, we found that Lammps calculates the enthalpy as if the molecules had six degrees of freedom. 

This was an important realization as it allowed us to match previous results from other research groups as well as alert 

the owners of Lammps to the problem.  Another key outcome was matching results from Monte Carlo simulations 

and Molecular dynamics simulations of multiple research groups with similar systems. The simulation results were 

verified by looking at thermodynamic variables and order parameters and seeing if the published results fit into our 

simulations within a given error. The error was calculated by running many simulations at many temperatures and 

finding the standard deviation of a thermodynamic variable at a given temperature. The problems we have found in 

regards to the charged ion simulations may be a systematic problem with Lammps that needs fixing. Once those 

problems have been fixed, we can look at the properties of the system such as the ionic conduction, which is crucial to 

understand its importance in how batteries or solar cells can behave.  
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