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Interatomic potentials for ionic liquids: A comparative case 
study 

 
Dmitry Zakiryanov a * 

 

Among all atomistic simulation approaches, empirical potentials deliver unparalleled efficiency of 

simulations. However, due to the simplicity of energy expressions, special attention should be given to the 

assessment of their validity and the fitting procedure. This paper reports a comparison of property-fitting 

pair models, force-fitting pair models, and deep learning potentials. We present a property-oriented fitting 

scheme for the development of pair potentials for ionic melts. Only basic, fast-computing properties are 

involved, which allows for the efficient fitting of the potentials through the iterative molecular dynamics 

simulations. As a case study, an alkali halide and a rare-earth halide were chosen. The force-fitting pair 

potentials were developed to compare the performance of the fitting schemes. The accuracy of the fitted 

potentials was assessed using a set of benchmark physicochemical properties calculated with the respective 

machine learning potentials. While the pair potential fitted via force-matching showed inconsistent 

performance, the property-fitting scheme turned out to be generally more reliable. The suggested fitting 

strategy can be used to address large-scale simulation challenges while maintaining an acceptable level of 

accuracy. 
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1. Introduction 

In atomistic simulations, the accuracy of the potential 

energy calculation plays a key role. The interaction 

models based on physical expressions (e.g. pair potentials) 

inherently provide a combination of versatility and cost-

efficiency. However, their reliability strongly depends on 

1) whether all significant interactions are taken into 

account and 2) the fitting methodology. We shall address 

the second issue in detail. In spite of the wide use of this 

approach, studies devoted to model fitting itself are 

scarce. Martinez et al. [1] provided a review on fitting 

methods for a variety of empirical potentials. They noted 

that the fitting database could depend on the potential's 

application, and the inclusion of ab initio data is almost 

inevitable due to the uncertainty or lack of experimental 

data. In the current paper, we follow these guidelines to 

suggest a fitting approach for developing pair potentials 

for inorganic ionic liquids. 

Any fitting procedure implies an error function (also 

called a loss function or cost function) that reflects the 

divergence between the force field and the benchmark 

data; this function should be minimized during the fitting. 

The choice of benchmark quantities affects the 

performance of the resulting potential. In many cases, 

analytical potentials are fitted to the same quantities as 

machine learning ones: ab initio forces, stresses, and 

sometimes energies [2�²4]. Advanced force fields also 

require additional procedures such as multipole fitting [5]. 

Another approach utilizes observable properties as 

benchmark data [6�²8]. It often takes place for embedded 

atom model fitting [9, 10]. In [11], the pair potential for 

NaCl was fitted to the measured structural data only, 

although no validation through the calculation of 

properties was performed. In our opinion, relying on 

static properties such as local structure and/or density is 

insufficient. A hybrid set of fitting data is also possible. 

For example, Grochola, Russo, and Snook used [12] a 
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