Dear all,

[bookmark: _GoBack]I am a Ph.D. candidate and a novice in LAMMPS. My research area is ice nucleation induced by electric fields. I want to use LAMMPS to conduct the molecular dynamics simulation to help me explain some phenomena discovered in experiments. First of all, I have chosen some papers for study and tried to reproduce two of them. However, I have encountered some problems, so I would like to consult you.

Firstly, I would introduce my simulation case. There are two cases, one is the ice nucleation on a grooved graphene surface (refer to the paper “Enhancing and Impeding Heterogeneous Ice Nucleation through Nanogrooves”, DOI: 10.1021/acs.jpcc.8b07779), and the other is the ice nucleation on a grooved aluminum surface (refer to the paper “Roles of Surface Energy and Temperature in Heterogeneous Ice Nucleation”, DOI: 10.1021/acs.jpcc.7b02848, but I have changed the material of surface).

The problems I face now are as follows:
1. On the grooved graphite surface, I have observed the hexagonal ice around the groove; however, it no longer grows along the positive z-axis direction.
2. On the grooved aluminum surface, I haven’t observed the obvious hexagonal ice although I think the simulation time is enough long.

Next, I would introduce the setting of my simulation, and I have provided the “in.file” and “data.file” in the appendix.

A. Parameter settings in the grooved graphite surface
(10.1021/acs.jpcc.8b07779)
A.1 Geometry setting

The MD simulation system is shown in Fig. 1. The dimensions are 5.1 nm × 6.6 nm × 7.45 nm (x × y × z), which are similar to the original paper (5.903 nm × 4.686 nm × 8.5 nm). All boundaries in three directions are set as periodic boundary conditions. There is a 1.5 nm void space above water in the z-direction, which is slightly less than the value in paper (3 nm). In the system, there are 4729 water molecules, which is close to the original paper (more than 4100 molecules). I have chosen the graphite surface with H=1.47 nm, W=0.984 nm, which corresponds to the surface #3 in the original paper. 
[image: ] [image: ]
Fig. 1. Geometry schematic diagram and the model constructed by MS

A.2 Parameters setting in LAMMPS

In the simulation, the time step size was set as 2 fs, and the graphite surface was set as a rigid body through the “setforce 0 0 0” command. The TIP4P/Ice water model was used to describe molecular interactions among water molecules. The internal potential between water molecules was computed by lj/cut/tip4p/long command while the potential between water molecules and graphite surface and potential between C-C in the graphite surface were calculated by lj/cut command with  and , which was the same as the original paper.

The simulation included five processes:
a) The “fix nve” and “fix temp/rescale” were firstly used to make the system temperature close to T = 300 K (lasted 20 ps).
b) The “fix nvt” and “Nose-Hoover thermostat” were next used for simulating 2 ns at T = 300 K.
c) The “fix nve” was next used for simulating 200 ps at T = 300 K. ( This process may probably be unnecessary, but I referred to the official example HEAT, and I am a novice in LAMMPS, so I remained this part.)
d) The “fix nve” and “Nose-Hoover thermostat” were next used for simulating 20 ps to cool down the system to T = 220 K.
e) Finally, I used “fix nvt” and “Nose-Hoover thermostat” for simulating 1200 ns at T = 220 K. When the time reaches 370 ns, I interrupted the simulation.

A.3 Simulation results

Fig. 2 is the temperature variation of the system in the above process e). As we can see, the temperature fluctuates around T = 220 K, the mean temperature is 220.0065 K and the range is 18.1329 K.
[image: ]
Fig. 2. Temperature variation

Fig. 3 is the potential energy variation in the above process e). As we can see, there is no rapid decrease phenomenon observed in similar papers. In other words, there is no ice formation in a large area.
[image: ]
Fig. 3. Potential energy variation

Furthermore, I have observed the calculated atom trajectories through OVITO software. It is true that regular structures like ice appear first in the groove and then slowly grow around the groove, but the ice-like structures do not seem to break the groove area and there is no further growth above the surface. Fig. 4 shows the atom positions at different times, and some important regions have already been marked.
[image: ]
[image: ]
Fig. 4a. Original atom positions
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Fig. 4b. Atom positions at 40 ns (As we can see, the water molecules in the groove seem to be gradually regular.)
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Fig. 4c. Atom positions at 80 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)
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Fig. 4d. Atom positions at 120 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)
[image: ]
Fig. 4d. Atom positions at 160 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas. However, the arrangement of atoms is similar to that at 80 ns.)
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Fig. 4e. Atom positions at 200 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)
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Fig. 4f. Atom positions at 240 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)
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Fig. 4g. Atom positions at 280 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)
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Fig. 4h. Atom positions at 320 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas. The hexagonal ice structure seems to grow upwards compared to that at previous time steps.)
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Fig. 4i. Atom positions at 360 ns (As we can see, the water molecules in the groove seem to be gradually regular, and hexagonal ice structure can be recognized in some areas.)

As we can see in Fig. 4i, even at 360 ns, the ice-like structure has only appeared around the groove; however, on the flat graphite surface, there is no hexagonal ice structure appeared. I wonder the reasons why the ice structure is difficult to grow upwards and it seems cannot break the groove region. 

There is another point that should be emphasized. The mW water model was used in the original paper while the TIP4P/Ice model was used in our simulation. Although the water model may probably affect the ice nucleation process, some researchers finished similar simulations by TIP4P/Ice model. What’s more, the speed of ice nucleation is obviously higher than that in my simulation. (Such as the second paper “Roles of Surface Energy and Temperature in Heterogeneous Ice Nucleation”, DOI: 10.1021/acs.jpcc.7b02848).

B. Parameter settings in the grooved aluminum surface
(10.1021/acs.jpcc.7b02848)
B.1 Geometry setting

The MD simulation system is shown in Fig. 5. The dimensions are 3.6 nm × 3.6 nm × 8 nm (x × y × z), which are very close to the original paper (3.62 nm × 3.62 nm × 7 nm). All boundaries in three directions are set as periodic boundary conditions. There is a 3 nm void space above water in the z-direction, which is slightly less than the value in paper (3.5 nm). In the system, there are 1557 water molecules, which is close to the original paper (1560 molecules). To accelerate the ice nucleation process, I set a groove on the surface with H=0.8099 nm, W=1.0324 nm, which does not exist in the original paper. According to the first paper (10.1021/acs.jpcc.8b07779), I am sure that a groove with that shape can accelerate the process to some extent.
[image: ] [image: ]
Fig. 5. Model constructed by MS

B.2 Parameters setting in LAMMPS

In the simulation, the time step size was set as 2 fs, and the lowest aluminum atoms layer was set as a rigid body through the “setforce 0 0 0” command. The TIP4P/Ice water model was used to describe molecular interactions among water molecules. The internal potential between aluminum atoms was set as eam potential. The potential between water molecules and the aluminum surface was calculated by lj/cut command with  and , which is slightly different from the original paper ().

The simulation included two processes:
a) The “fix nvt” and “Nose-Hoover thermostat” were first used to make the system temperature close to T = 300 K (lasted 1000 ps).
b) The “fix nvt” and “Nose-Hoover thermostat” were then used for simulating 600 ns at T = 230 K. Now the simulation arrives at t = 160 ns; however, there is no obvious hexagonal ice structure around the groove.

B.3 Simulation results

Fig. 6 is the temperature variation of the system in above process b). As we can see, the temperature fluctuates around T = 230 K, and the mean temperature is 229.7122 K and the range is 28.9207 K.
[image: ]
Fig. 6. Temperature variation

Fig. 7 is the potential energy variation in the above process e). As we can see, there is no rapid decrease phenomenon observed in similar papers. In other words, there is no ice formation in a large area.

[image: ]
Fig. 7. Potential energy variation

Furthermore, I have observed the calculated atom trajectories through OVITO software, as shown in Fig. 8. There are no obvious ice-like structures.
[image: ]
Fig. 8a. Atom positions at 40 ps
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Fig. 8b. Atom positions at 20 ns
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Fig. 8c. Atom positions at 40 ns
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Fig. 8d. Atom positions at 60 ns
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Fig. 8e. Atom positions at 80 ns
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Fig. 8f. Atom positions at 100 ns
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Fig. 8g. Atom positions at 120 ns

[image: ]
Fig. 8h. Atom positions at 140 ns
[image: ]
Fig. 8h. Atom positions at 160 ns

As we can see, there is no obvious hexagonal ice structure appeared in this case. I wonder whether it is related to the larger temperature range (28.9207 K in this case while 18.1329 K in the graphite case). Or there are other reasons that I don’t know.

C. Summary
I have appended all of the in.file and data.file used in these two cases. I hope you can have a look, and if possible, we can communicate further about the simulation methods.

Sorry for the inconvenience. Please feel free to contact me if you need any further information. Thanks again.

I appreciate any guidance.
Regards,

Churyan
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