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1. Introduction 

 
Recent developments on efficient energy conversion, 

such as those in nuclear reactors or solar power plants, 

have sparked a renewed interest in using molten salts for 

heat transfer, energy storage, and nuclear fuel waste 

pyroprocessing applications [1–3]. To this end, molten 

salts require excellent thermophysical and transport 

properties.  

Since experiments can be difficult and expensive, one 

method that can be used to provide insights into molten 

salt systems is the use of molecular dynamics (MD) 

simulations [3,4]. Classical MD (CMD) simulations are 

a powerful simulation methodology that can be used to 

analyze the motions of atoms and molecules; providing 

a view of the dynamic “evolution” of the system. 

However, the accuracy of CMD remains a major hurdle 

in studying molten salts. To this day, very few CMD 

force fields, such as those by Salanne et al., exist [3]. 

Hence for this purpose, we employ the use of genetic 

algorithms (GAs) to develop force field parameters for 

the polarizable ion model (PIM) for the popular LiCl, 

KCl, and LiCl-KCl (58.8% mol LiCl) molten salts [5]. 

From the results reported herein, it was observed that the 

GA was very efficient, and once run, the GA 

automatically determines the optimum parameter set.  

 

2. Methods 

 

2.1 Genetic algorithm 

 

For details regarding the GA methodology, please 

refer to our previous study, which gives a thorough 

explanation of the GA protocols [6]. To generate the 

initial population, we used the parameters from Salanne 

et al. [3]. At the beginning of the optimization, an initial 

population is generated by randomly selecting 

parameters within 10% variance of the Salanne et al. 

model.  

Traditionally atom-wise parameters, for example, Li-

Cl, Cl-Cl, or K-Li, are parameterized separately. 

However, this results in a large number of optimizable 

parameters. Hence, we optimized the Li-Li, K-K, and Cl-

Cl terms and then obtained the force field parameters for 

the remaining interactions using mixing rules [7,8]. The 

LiCl, KCl, and LiCl-KCl (58.8% mol LiCl) simulations are 

then performed in parallel using the same force field 

parameters. The fitness function employed in this work 

employed the use of experimental densities for LiCl and 

KCl, and LiCl-KCl (58.8% mol LiCl) [9], and the diffusion 

coefficients for LiCl and KCl [10]. The functional form 

of the fitness function was the same as used in our past 

work [6]. 

 

2.2 Simulation protocols 

 

The system for the CMD simulations consisted of 200 

atoms for the LiCl and KCl systems. While the LiCl-KCl 

(58.8% mol LiCl) system consisted of 60 Li, 42 K, and 102 

Cl atoms. Unless stated otherwise, All CMD simulations 

were performed using the CP2K package at 1400 K and 

1 atm (at NPT) [11]. The temperature and pressure were 

controlled by the Nosé–Hoover thermostat and barostat 

with relaxation times of 0.1 and 1.0 ps, respectively. 

Equations of motion were integrated with a time step of 

1 fs. The initial simulation box was generated using the 

Packmol software and was used as the starting structure 

for each generation [12]. The system was first 

equilibrated for 500 ps; which was followed by a 1000 

ps production run to calculate the physical properties. 

First-principles MD (FPMD) calculations were 

conducted using the hybrid Gaussian and Plane Wave 

density functional implemented in the CP2K/Quickstep 

program [11]. The valence electrons were described by 

the molecularly optimized double-ζ basis set (MOLOPT-

DZVP-SR-GTH) and the Perdew–Burke–Ernzerhof 

functional, whereas the core electrons were treated with 

the Goedecker–Teter–Hutter (GTH) pseudopotentials. A 

total of two parallel FPMD runs were conducted for each 

system and each FPMD run was conducted for 100 ps. 

Initial configurations for the FPMD simulations were 

taken from random CMD snapshots using the Salanne et 

al. model. The number of atoms in the systems were the 

same as the CMD simulations. FPMD simulations were 

conducted at 1033, 1212, and 860 K for LiCl, KCl, and 

LiCl-KCl (58.8% mol LiCl), respectively. The remaining 

MD protocols were the same as the CMD. 

 

3. Results and Discussion 

 

3.1 Temperature dependence of densities and diffusion 

coefficients 

 

To evaluate the performance of the GA-derived 

parameters, we compare the physical properties obtained 

from the GA-derived parameters and the model 

developed by Salanne et al. to experimental results Figs. 

1-3). 

From Figs. 1-3, it can be seen that our GA-derived 

parameters perform significantly better than the model 

proposed by Salanne et al. In general when using the GA 

force field, it is possible to reasonably reproduce both the 

thermodynamic and dynamic properties in a wide 
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temperature range. This signifies the efficacy of the GA 

methodology described in this study, which eliminates 

the need for manually varying the force field parameters 

to reproduce the experimental measurements. 

 
 

Fig. 1. Density of (a) LiCl, (b) KCl, and (c) LiCl-KCl (58.8% 

mol LiCl) at different temperatures using the GA-derived 

parameters and previously developed parameters by Salanne 

et al. compared to experimental results (black dashed line). 

 

 
 

Fig. 2. Diffusion coefficients of (a) Li and (b) Cl in LiCl at 

different temperatures using the GA-derived parameters and 

previously developed parameters by Salanne et al. compared 

to experimental results (black dashed line). 

 

 
 

Fig. 3. Diffusion coefficients of (a) K and (b) Cl in KCl at 

different temperatures using the GA derived parameters and 

previously developed parameters by Salanne et al. compared 

to experimental results (black dashed line). 

 

3.2 Radial distribution functions 

 

The GA-derived parameters are further evaluated by 

analysis of the microstructures present in the system. The 

most obvious way to study the local organization of any 

system is the analysis of the radial distribution functions 

(RDFs). Figs. 4-6 illustrates the RDFs from CMD using 

the GA-derived parameters and FPMD simulations for 

molten LiCl, KCl, and LiCl-KCl (58.8% mol LiCl) at 1033, 

1212, and 860 K, respectively. From Figs. 4-6, it is 

evident that the CMD can reproduce the FPMD results to 

quite a reasonable extent. 

 

 
 

Fig. 4. RDFs for molten LiCl (at 1033 K) from CMD using 

the GA-derived parameters (solid lines) and FPMD (dotted 
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lines). 

 

 
 

Fig. 5. RDFs for molten KCl (at 1212 K) CMD using the GA-

derived parameters (solid lines) and FPMD (dotted lines). 

 

 
 

Fig. 6. RDFs for molten LiCl-KCl (58.8% mol LiCl) (at 860 

K) CMD using the GA-derived parameters (solid lines) and 

FPMD (dotted lines). 

 

3. Conclusions 

 

The GA-derived parameters are not only able to 

reasonably reproduce experimental physical properties 

over a wide temperature range, but also structural 

characteristics from first-principles MD. The force field 

developed herein allows for a promising way to 

accurately simulate molten salts. Future studies will 

extend the methodology presented in this work to other 

molecular systems, opening up new avenues in the 

development of force fields for molten salts. 
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