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1. Themostatting

The flying ice cube [1] is a molecular dynamics simulation artifact in which the use of velocity 

rescaling thermostats sometimes causes the violation of the equipartition theorem, according to 

which energy is shared equally among all of its different parts in thermal equilibrium. In flying ice 

cube artifact kinetic energy is drained from some degree of freedoms and fed into others resulting 

into zero-frequency motions such as overall translation and rotation of system and a very damped 

internal motion (almost as if an ice cube or any other rigid body is flying through space). This is 

most notably seen in simulations of particles in vacuum. As can be noticed from our experimental 
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setup, we have added vacuum in all three directions of our system, hence we must account for this 

unnatural phenomenon.

As is well known, the flying ice cube artifact arises from faulty rescaling of the velocities that 

doesn’t account for canonical ensemble. In simple velocity rescaling, for thermal equilibration, 

velocities of all particles at the end of every timestep is rescaled by a factor  to achieve a target 𝜆

instantaneous temperature :, 𝑇𝑡𝑎𝑟𝑔𝑒𝑡

𝜆 = (
𝐾𝑡𝑎𝑟𝑔𝑒𝑡

𝐾
)

1
2

𝐾𝑡𝑎𝑟𝑔𝑒𝑡 =
1
2

× 𝑁𝐷𝑂𝐹𝑘𝐵𝑇𝑡𝑎𝑟𝑔𝑒𝑡

Here, a non-canonical distribution of kinetic energies is used as a means to rescale energy.

The canonical sampling through velocity rescaling (CSVR) thermostat developed by Bussi–

Donadio–Parrinello [2] rescales the velocity of particles at the end of each timestep by a factor  𝜆

so that the kinetic energy exhibits the distribution of the canonical ensemble.

𝜆 = (
𝐾𝑡𝑎𝑟𝑔𝑒𝑡

𝐾
)

1
2

𝑃(𝐾𝑡𝑎𝑟𝑔𝑒𝑡) ∝ 𝐾
(𝑁𝐷𝑂𝐹/2 ‒ 1)

𝑡𝑎𝑟𝑔𝑒𝑡 𝑒
‒ 𝛽𝐾𝑡𝑎𝑟𝑔𝑒𝑡

Here  is drawn from probability density function instead of microcanonical ensemble 𝐾𝑡𝑎𝑟𝑔𝑒𝑡

independent variable . Hence it’s experimentally proven to be least likely to show the artifact. 𝑇𝑡𝑎𝑟𝑔𝑒𝑡

[3]
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1.1 Nose Hoover Thermostat:

1.1.1 MSD in x Direction:

1.1.1.1 Smooth

Figure S1 Smoothed curve: MSD behaviour in x direction vs time
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1.1.1.2 Unsmooth

Figure S2 Unsmoothed curve: MSD behaviour in x direction vs time
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1.1.2 MSD in y Direction:

1.1.2.1 Smooth

Figure S3 Smoothed curve: MSD behaviour in y direction vs time, 
demonstrating randomness.
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1.1.2.2 Unsmooth

Figure S4 Unsmoothed curve: MSD behaviour in y direction vs time, 
demonstrating randomness.
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1.1.3 MSD in z Direction:

1.1.3.1 Smooth

Figure S5 Smoothed curve: MSD behaviour in z direction vs time, 
demonstrating randomness.
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1.1.3.2 Unsmooth

Figure S6 Unsmoothed curve: MSD behaviour in z direction vs time, 
demonstrating randomness.
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1.1.4 Total MSD

1.1.4.1 Smooth

Figure S7 Smoothed curve: Total MSD vs time
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1.1.4.2 Unsmooth

Figure S8 Unsmoothed curve: Total MSD vs time
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1.1.5 Trajectory

Figure S9 Left column represents trajectory for 1ps and right side represent 
50ps. Data taken every 0.01ps & 0.1ps for left and right column respectively. 

From top to bottom: Front, Ortho, Perspective & Top view (1. lavender- 
0V/Å, 2. yellow-0.2V/Å, 3. blue-0.4V/Å, 4. orange -0.6V/Å, 5. green-0.8V/Å, 6. 

dark blue-1V/Å)
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1.1.6 Interaction between Ion and Silicene

1.1.6.1 Smooth

Figure S10 Smoothed curve: Interaction Energy vs time
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1.1.6.2 Unsmooth

Figure S11 Unsmoothed curve: Interaction Energy vs time
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1.2 Modified NVT:

1.2.1 MSD in x Direction:

1.2.1.1 Smooth

Figure S12 Smoothed curve: MSD behaviour in x direction vs time
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1.2.1.2 Unsmooth

Figure S13 Unsmoothed curve: MSD behaviour in x direction vs time
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1.2.2 MSD in y Direction:

1.2.2.1 Smooth

Figure S14 Smoothed curve: MSD behaviour in y direction vs time, 
demonstrating randomness.
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1.2.2.2 Unsmooth

Figure S15 Unsmoothed curve: MSD behaviour in y direction vs time, 
demonstrating randomness.
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1.2.3 MSD in z Direction:

1.2.3.1 Smooth

Figure S16 Smoothed curve: MSD behaviour in z direction vs time, 
demonstrating randomness.
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1.2.3.2 Unsmooth

Figure S17 Unsmoothed curve: MSD behaviour in z direction vs time, 
demonstrating randomness.
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1.2.4 Total MSD:

1.2.4.1 Smooth

Figure S18 Smoothed curve: Total MSD vs time
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1.2.4.2 Unsmooth

Figure S19 Unsmoothed curve: Total MSD vs time
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1.2.5 Trajectory

Figure S20 Left column represents trajectory for 1ps and right side represent 
50ps. Data taken every 0.01ps & 0.1ps for left and right column respectively. 

From top to bottom: Front, Ortho, Perspective & Top view (1. lavender- 
0V/Å, 2. yellow-0.2V/Å, 3. blue-0.4V/Å, 4. orange -0.6V/Å, 5. green-0.8V/Å, 6. 

dark blue-1V/Å)



S23

1.2.6 Interaction Energy:

1.2.6.1 Smooth

Figure S21 Smoothed curve: Interaction Energy vs time.
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1.2.6.2 Unsmooth

Figure S22 Smoothed curve: Interaction Energy vs time.
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1.3 CSVR Thermostat:

1.3.1 MSD in x Direction:

1.3.1.1 Unsmooth

Figure S23 Unsmoothed curve: MSD behaviour in x direction vs time
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1.3.2 MSD in y Direction:

1.3.2.1 Unsmooth

Figure S24 Unsmoothed curve: MSD behaviour in y direction vs time, 
demonstrating randomness.
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1.3.3 MSD in z Direction:

1.3.3.1 Unsmooth

Figure S25 Smoothed curve: MSD behaviour in z direction vs time, 
demonstrating randomness.
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1.3.4 Total MSD:

1.3.4.1 Unsmooth

Figure S26 Unsmoothed curve: Total MSD vs time
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1.3.5 Interaction Energy:

1.3.5.1 Unsmooth

Figure S27 Unsmooth curve: Interaction Energy vs time.
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