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1. The validation of the simulation

Two repeated simulations were carried out for the system with bubbles, recorded as run2
and run3. The F4 value of each simulation is shown in Figure 1. The time evolutions of F4
order parameter in the two repeated simulations (run2 and run 3) represent similar trend as
that in the simulation in original manuscript (runl). Therefore, the results obtained are
reliable.
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Figure S1. Time evolution of F4 order parameter of three repeated simulations for the systems with

bubbles and the simulation for the system without bubbles.

2. The sensitivity analysis of parameters

According to our analysis, the formation of hydrate is mainly affected by the number of
nitrogen molecules in the bubble, temperature and pressure. The influence of nitrogen bubbles
is the focus of our research. If the nitrogen molecular number of the system is set to be small,
the bubbles will dissolve in a short time, which cannot provide enough data for analysis. For
your reference, an example of 100 nitrogen molecules simulation is made, as shown in Figure
52. All 100 nitrogen molecules are dissolved into THF solution in 500 ns.



Figure S2: A comparative simulation involving only 100 nitrogen molecules.

In addition, the sensitivity of temperature and pressure is also analyzed, as shown in
Figure S3. Comparatively speaking, these two parameters are not sensitive to the influence of
hydrate formation rate, but will have a significant influence on the dissolution rate of nitrogen
molecules. The sensitivity of temperature and pressure is not the focus of the article, and the

related work is not shown in this manuscript.
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Figure S3. Effects of (A, B) pressure and (C, D) temperature on the time evolution of (A, C) the number of
nitrogen molecules in gas phase and (B, D) F4 order parameter in the systems with nitrogen bubbles.
In order to study the effect of nitrogen bubble on THF hydrate formation, a relatively
stable bubble needs to be placed in the system. It is difficult to crystallize THF hydrate in
molecular simulation, and the system is not stable after 2000ns simulation. After several
comparisons, the current simulation conditions are selected. On the one hand, ensure the

stability of nitrogen bubbles, on the other hand, provide a greater driving force for promoting
the formation of THF hydrate.
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