
Fig. 1: Periodic Boundary Conditions.
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Introduction

Electrolyte Solutions

The OrthoBoXY Method

The self-diffusion coefficient (SDC) is a quantity describing the

dynamics of a systems, important for both fundamental research and

industrial applications. Since measuring them experimentally can be

challenging, especially for multi-component mixtures, it has become

popular to determine SDCs from simulations. However, it is well

known that SDCs show a system-size dependency due to the periodic

boundary conditions (PBCs) and the artificial periodicity they introduce

(Fig. 1). There are ways to correct this system-size dependency, for

example the Yeh-Hummer correction. [1] Here, we present a simpler

approach to obtain the “true” SDC as well as the viscosity.
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Fig. 2: Apparent self-diffusion coefficients 

as a function of 1/L. [1]

Fig. 4: The OrthoBoXY geometry.

The system-size dependency of the SDC can be

corrected using the Yeh-Hummer correction [1]

where ζ is a geometry dependent quantity, the so-

called Madelung constant analogue. For cubic

boxes, ζ is approximately 2.837. At the “magic” box

length ratio of Lz/Lx = Lz/Ly = 2.739..., ζ becomes 0

meaning there is no system-size dependency. [2]

The SDC in z direction can then be used to obtain

the viscosity with the following equation [3]:

Fig. 3: (a) Madelung constant analogue ζ as a function of the box length ratio.

(b) SDCs of TIP4P/2005 water (T = 298 K, p = 1 bar) in the OrthoBoXY geometry. [2]

Fig. 5: SDCs of water (top row), the respective cation (middle row) and the 

respective anion (bottom row) of the three investigated electrolyte solutions.

[4] J. L. F. Abascal, C. Vega, J. Chem. Phys. 2005, 123, 234505.

[5] I. M. Zeron, J. L. F. Abascal, C. Vega, J. Chem. Phys. 2019, 151, 1134504.

MD simulations of three systems of electrolyte

solutions were performed.

• NaCl (xNaCl = 0.1)

• NaCl (xNaCl = 0.01)

• MgSO4 (xMgSO4 = 0.01)

The force fields used are TIP4P/2005 [4] for water

and Madrid-2019 [5] for the ions. This force field

uses scaled charges of 0.85e. The simulations

were performed at T = 298 K and p = 1 bar with

both cubic and OrthoBoXY (Lz/Lx = Lz/Ly = 2.739...)

box geometries.

In their original paper, Yeh and Hummer have

already noted that their correction terms seems to

overcorrect the data in the case of charged

particles. They suggested using the equation

where α is an empirical, ion-specific scaling factor

with α < 1.

Using the OrthoBoXY method, we can show that

the “true” form of the correction term can not be a

correction factor but rather an additional term.

The goal for the future is finding an analytical

expression for the additional correction term α.


