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We performed the molecular dynamics simulations of classical two-dimensional (2D) electric

dipole systems. The general interaction potential was taken as follows

V (r) =
p2 exp(−κr)

4πε0r3 (1+κr) , (1)

where we took the screening parameter equal to κ = 0,1,2, thus varying the strength of screen-

ing due to background charge.

The structural, dynamical and phase transition properties of 2D dipoles have been investi-

gated. We located the melting and freezing points of the systems by means of a polygon disorder

parameter, obtained from a polygon construction method. It was found that the system under-

goes phase transition when the polygon disorder parameter has a value 0.165. The location of

phase transition points were cross-checked by calculating both local and overall orientational

order parameters. We also identified that the value of the local orientational order parameter at

the phase transition point equals 0.67. The simulations showed that these results are valid for the

bare (κ = 0) as well as the screened (κ 6= 0) dipole-dipole interactions, and they are expected

to be general for other 2D systems with repulsive pair interaction. In summary, it was revealed

that both melting and freezing points shift to lower values of temperature as the strength of

screening increases.

In the liquid state, the radial distribution function and polygon construction method show

the loss of order in a structure as screening becomes more severe. Furthermore, the impact of

screening on the system’s collective excitation spectra and diffusive characteristics at liquid and

solid states has been studied. The analysis of the dispersion relations shows the decrease in

the values of both longitudinal and transverse sound speeds, and the mean-square displacement

calculations reveal the emergence of anomalous super diffusive motion in the liquid state due

to the screening in the range 50 < tωD < 100, where ωD is the characteristic dipole oscillation

frequency.
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