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To test the generality of our results, we perform molecular dynamics simulation of Lennard-
Jones (LJ) particles in the NPT ensemble at T = 0.7. We simulate N = 13500 LJ particles with
interaction potential between particles given by U(r) = 4€[(c/r)'? — (6/r)®]. The LJ interaction
parameters are 0 = 1.0, and € = 1.0. The potential is truncated and shifted at 2.50. All the particles
have the same mass m. Length, energy and time are reported in units of o, € and \/m,
respectively. We compress the system from P = 0.5 to P =15.0 at T = 0.7 by an interval of 0.3. In
each interval, 2.0 x 107 and 1.0 x 10 time steps are used to equilibrium and sample, respectively.

We first investigate structure changes in the compressing process of LJ system. The probability
distributions of W and Wy are shown in Fig. S1. When the pressure is in the range from P = 0.5 to
P = 4.4, the system is in the fluid state and no crystal structure has been found. When the pressure
increases to P = 4.7, we can obtain the fluid to solid transition, and the system shows a strong
tendency to form an fcc-like structure.

The variation of the potential energy U and that of the number averaged cluster size < N gepse >
and < N¢ orqer > are shown in Fig. S2. Clearly, sharp changes of the three curves occur at P =
4.7 (denoted by the cyan dashed line in Fig. S2), implying that the first-order phase transition
occurs, and this result is consistent with that in Fig. S1. It also shows that the number averaged
cluster size < N gense > and < N¢ or4er > can characterize the liquid-crystal transition, which is
consistent with our results of Gaussian core model in the main text (see Fig. 3 in the main text).
Consistent with the results of Fig. 3(b) in the main text, the value of < N, gens > is larger than
that of < N, yrger > for both liquid and fcc-favored solid phases. This result is different from
Fig. 3(a) in the main text, where < N or40r > is larger than < N_ jn5 > in the bec-favored solid
phase. We infer that the values of < N, gense > and < N orq0r > are quantitatively affected by
the structure of different polymorphs in the solid phase. Nevertheless, the spatial correlations
of both densely packed particles and highly bond-ordered particles both become stronger when
crystallization occurs, and both of them can be used as the characterization methods of the liquid-
crystal transition.

To investigate the nucleation process, we track the trajectory of each particle at around the



crystallization transition point (7" = 0.7 and P = 4.7) of LJ system. We show in Fig. S3 the solid
bond number & in g¢-p plane and in gg-p plane for # = 10695, t = 10755 and 7 = 12020 at the state
point T = 0.7 and P = 4.7. Consistent with the results of Gaussian system shown in Fig. 6 and
Fig. 7 in the main text, nucleation also starts from the region with high bond-orientational order in
the LJ system (see the distribution of particles with high & in Fig. S3(a) and in Fig. S3(d)).

Similar to Fig. 8 in the main text, we also show in Fig. S4 the time evolution of the crystal
fraction X = Nj,;;4/N and that of the Spearman correlation coefficients K(p,qs) and K(p,qg) for
T =0.7 and P = 4.7 of L] system. K(p,qe) of LJ system shows clear crystal fraction depen-
dence, which is also consistent with the Gaussian system. Different from Fig. 8(a) in the main
text, K(p,qs) goes to ~ 0.15 rather than ~ O after the crystallization has finished. We infer that
the thermal fluctuation in LJ system is not so large as Gaussian system, and this leads to weak
correlation between p and gg even in the solid phase. Similar to the result of Fig. 8(b) in the main
text, the correlation between p and g is weak in the fluid and solid phases (see blue triangles in
Fig. S4). However, we see obvious increase in K(p,qg) during the crystal growth stage. This is
because both liquid and solid phases exist in this stage. Moreover, the average density of solid
phase (the position of the black dashed line in Fig. S3(e)) is larger than that of liquid phase (the
position of the white dashed line in Fig. S3(e)) in the LJ system, and so does gg (see Fig. S3(e)).
This leads to relatively large value of K(p,qe) in the crystal growth stage of the whole system,
which is probably due to the differences of p and g between different phases (liquid and solid),
but not the increase of the correlation between p and g of the system. However, this phenomenon
does not exist in Gaussian system (see Fig. 7 and Fig. 8(b) in the main text). This is because
that the thermal fluctuation is large in the soft spheres system, and the differences of the average
density between liquid and solid phase are very small.

From above discussions, we can see that the main conclusions obtained from Gaussian system

in the main text are quite similar to the results of LJ system.
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Fig. S1: (a) W probability distribution and (b) W, probability distribution at different pressures for
T = 0.7 of LJ system.
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Fig. S2: Pressure dependence of number averaged cluster size < N gense > (black squares) and
< N¢order > (black circles) and pressure dependence of the potential energy U (blue triangles) at
T = 0.7 for L] system. Throughout pressing the system from P = 0.5 to P = 5.0, sharp variations
can be seen in all the three curves, signifying a first-order phase transition (marked by the cyan
dashed line).
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Fig. S3: The solid bond number & for all particles of the system in the g¢-p plane ((a), (b) and (c))
and in the g¢-p plane ((d), (e) and (f)) for the state point 7 = 0.7 and P = 4.7 of LJ system. Here,
& grows from 0 to 14 from the liquid to the crystal phase and is represented by the color of each
symbol. Numbers at the lower right indicate Spearman rank correlation coefficients K(p,ge) (in
(a), (b) and (c)) and K(p,g,) (in (d), (e) and (f)). The time for each histogram is shown at the top
left of each one. The black (white) dashed line in (e) marks the average density of solid (liquid)
phase, which is simply used to guide the eye.
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Fig. S4: Time evolution of the crystal fraction X = Ny,;;4/N (black squares) and that of the Spear-
man rank correlation coefficients K(p, gs) (blue circles) and K(p,qe) (blue triangles) for the state

point 7 = 0.7 and P = 4.7 of LJ system.



