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Abstract. Molecular dynamics simulations of the melting, freezing and nucleation are presented for un-
constrained nanoclusters of KCl with a number of ions between 512 and 10648. The maximum extent
of the probed liquid supercooling is analysed to the light of theoretical predictions and compared with
experimental data. The fraction of the solid-like ions in the supercooled liquid is used as an indicator of
heterogeneities within the liquid. Induced nucleation by seeding the supercooled liquid indicates that solid-
liquid coexistence is stable, and sustained during the lifetime of the clusters, relatively to the supercooled
liquid. A phenomenological analysis on the relaxation times of the crystal growth process is made. Critical
nuclei sizes computed from the effectiveness of the seeds in the heterogeneous nucleation of the supercooled
liquid, and from the residual crystallites in clusters not totally melted, are presented as a function of the
temperature. The behavior of the systems is followed through various properties such as liquid and solid
molar fractions, enthalpies of melting, heat capacities, self-diffusion coefficients and relaxation times re-
lated to the freezing process. The consistency of the simulation results for the heterogeneous nucleation is
assessed by means of a classical nucleation model, from which an estimate of the interfacial surface tension
is also worked out and compared with experimental data.

PACS. 61.46.-w Nanoscale materials: clusters, nanoparticles, nanotubes, and nanocrystals – 64.70.Nd
Structural transitions in nanoscale materials

1 Introduction

Clusters have motivated a growing interest due to the the-
oretical challenges and the contributions of their study to
other fields such as nucleation and crystal growth, struc-
ture of amorphous materials, catalysis and atmospheric
chemistry. The study of phase transitions is of the ut-
most importance regarding a comparative behaviour in
such small systems and in the bulk [1–17].

The actual technology opened the way to obtain a sig-
nificant amount of experimental data [18–23], some taken
at the atomic level [24] and even covering phase change
processes [25,26]. Cluster crystallography data is also pre-
sented in the literature [27]. The importance of clusters in
nucleation and crystal growth has been discussed by some
authors [28–30].

Several workers [3,8,31–48] have performed simula-
tions on unconstrained clusters that provide evidence of
(i) first-order phase transitions and solid-liquid coexis-
tence in single clusters; (ii) pronounced hysteresis cycles;
(iii) glass-like transitions by instantaneously cooling the
liquid and (iv) crystal-defective growth for the largest clus-
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ters by slowly cooling the liquid. In a previous work [45]
we have reported an extensive simulation of the melting,
for KCl and LiCl clusters, showing, in particular, that
for sizes below 512 ions phase coexistence is practically
absent. However, clusters whose sizes are over 512 ions
present solid-liquid coexistence in a progressively large
extent asymptotically approaching a phase change at con-
stant temperature as the size increases.

The main objective of the present work is to extend
our previous studies to the freezing process and to anal-
yse the stability of the solid-liquid coexistence relatively
to the supercooled liquid, by simulating homogeneous and
heterogeneous nucleation in KCl nanoclusters of different
sizes for relaxation times of the order of 102 ns. The con-
sistency of the simulation results concerned with hetero-
geneous nucleation is assessed by means of a classical nu-
cleation model. Furthermore the whole set of simulation
results and the phenomenological analysis presented pave
the way to a theoretical model for the coexistence of solid
and liquid phases in finite systems, to be reported in a
forthcoming paper [49].

The computational details are given in the following
section. The melting and freezing processes are detailed
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and discussed in Sections 3 and 4. Section 5 contains the
concluding remarks.

2 Computational details

The molecular dynamics computations have been per-
formed using the Born-Mayer-Huggins potential:
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zizje
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]
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with the parameters given by Watts and McGee [50]. Ver-
let’s leapfrog algorithm [51] for the numerical integra-
tion of Newton’s equations of motion, with a time step
of 5× 10−15 s, has been used in all simulations. It is well-
known that this potential, despite being a rigid-ion effec-
tive potential, reproduces some bulk properties of alkali
halides and other substance [52–57].

Thermal properties have been calculated with a num-
ber of steps in the range 105–108, depending on the size
of the clusters and the phase transition region. Thus, the
longer runs correspond to time scales of the order of 102 ns.
The determination of the velocity auto-correlation func-
tions has been based on runs of 1.6 × 104–4 × 106 time
steps with a time origin at every fifth step. As the clusters
are unconstrained, the pressure is virtually zero.

The calculation of each state point has been carried
out by fixing the total energy of the system and deter-
mining the corresponding average temperature (through
the energy equipartition theorem [58]), instead of fixing
a preset average temperature and calculating the result-
ing average total energy. This is a noteworthy detail re-
ferred to elsewhere [45]. We should point out, however,
that there is nothing unusual or special in conducting
constant-energy instead of constant-temperature simula-
tions. Both approaches produce, of course, equivalent re-
sults for homogeneous phases. They are also able to detect
phase transition regions in clusters. Nonetheless, it turns
out that constant-energy simulations are more suitable to
unravel some important properties of phase changes in
clusters, which otherwise may remain hidden. For exam-
ple, the assessment of the molar fractions of the coex-
istent phases. Incidentally, the method of fixing the to-
tal energy of clusters was used, for instance, by Briant
and Burton [2] many years ago and, more recently, by
Cleveland et al. [42].

For the freezing process we have used three distinct
starting points: (a) a totally melted configuration; (b) a
configuration not completely melted containing residual
crystallites and (c) a supercooled liquid configuration plus
a solid seed. The starting points for the solid phases have
been f.c.c (rock salt) lattices at 0 K.

Heating/cooling rates in the range 0.3–377 ×
109 kJ mol−1 s−1 (∼1010–1013 K s−1) have been used.
These rates were chosen in order to maintain the system
as close to equilibrium as possible within the limits of
computational expense.
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Fig. 1. (Color online) Phase change diagrams of KCl clusters.
Heating is in black (α), nucleated cooling is in blue (β), non
nucleated cooling is in red (γ), cooling with ineffective residual
crystallite is in green (δ). Melting onset (↓), melting end (↑).

3 Melting

The main trends of the melting have already been reported
and discussed elsewhere [41,45]. Nonetheless, we present
here some improved results and details which are impor-
tant for the analysis of the freezing process.

The black curves in Figure 1 show the melting be-
haviour for KCl clusters of different sizes by slow heating
the solid. All the clusters present first-order phase transi-
tions for which the estimated limit points for prevalence
of the uniform solid are at temperatures/energies given
in Table 1 (see also the arrows in Fig. 1). As expected,
the melting temperatures approach the experimental bulk
value as the size of the clusters increases. For clusters
whose sizes are over 512 ions the melting proceeds with
the presence of phase coexistence in a single aggregate in
a progressively large extent, approaching a phase change
at constant temperature as the size increases. At the end
of melting there is a complete breakdown of the crystal
and the curves follow the usual liquid-like behaviour.

It should be emphasized that since the simulations are
performed by fixing the total energy, this property is, in
general, the natural x-coordinate for the graphical repre-
sentation of the results. The correspondence between total



P.C.R. Rodrigues and F.M.S. Silva Fernandes: Melting, freezing and nucleation in nanoclusters of potassium chloride 117

Table 1. Melting points (Tm/K) for KCl clusters. Experimen-
tal bulk values are presented for comparison. Total energies
(Etot/kJmol−1) are also presented.

N◦ of ions Tm Etot

512 ∼1000 ∼–636
1000 1008 –638.66
1728 1040 –639.12
2744 1046 –640.13
4096 1037 –641.84
5832 1049 –642.27

exp. [59] 1045 –
exp. [60] 1044 –

Table 2. Enthalpies of melting for clusters of different sizes
(∆h/kJmol−1).

N◦ of ions ∆h
512 22.73

1000 23.13
1728 24.06
2744 24.24
4096 24.81
5832 25.04

exp. [61,60] 26.4
exp. [62] 25.5
exp. [63] 26.5

Table 3. Heat capacities ( Cp/J K−1mol−1) for solid and liquid
clusters of different sizes at 940 K and 1045 K. Experimental
bulk values are presented for comparison.

Solid Liquid
N◦ of ions 940 K 1045 K 940 K 1045 K

512 67.9 – 72.3 69.2
1000 68.2 – 69.6 64.7
1728 66.5 – 72.7 71.6
2744 66.4 – 71.3 68.4
4096 65.6 71.9 72.4 70.7
5832 63.6 66.2 72.0 70.0

10648 71.6 69.1
from [53] – 64.9
exp. [53] – 66.9

exp. [61,60] 64.4 69.3 73.6

energy and temperature can always be accessed, however,
from Figure 1 and Tables 1, 3 and 4.

Figure 2, displays snapshots of the 4096 ions cluster
at the onset and the final stage of the melting showing
evidence of sustained solid-liquid coexistence. It should be
noticed that for cluster sizes over ∼1000 ions the solid and
liquid phases are simultaneously present and dynamically
sustained in a single cluster. By slowly transferring energy
to or from the system there is a reversible move along the
solid-liquid coexistence. This indicates that the cluster is
equilibrated. Despite the molar fractions oscillate there are
no dynamical “jumps” between uniform solid and liquid
forms. Moreover, dynamical alternation between melted
corners of the cluster lattices is observed as much as the
simulations evolve in time. It is interesting to note that the

Table 4. Self diffusion coefficients for clusters of different sizes
just before spontaneous crystallization. Energies in kJmol−1,
temperatures in K and self diffusion coefficients in 105 cm2 s−1.

N◦ of ions Energy T SDC
1728 –637.68 734 2.90
2744 –636.86 760 3.26
4096 –640.33 726 2.73
5832 –640.82 728 2.74
10648 –641.27 735 2.71

(a) (b)

Fig. 2. Phase coexistence during the melting of the 4096 KCl
cluster (a) at the onset (b) at the end.
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Fig. 3. Liquid molar fractions along the melting for clusters
of different sizes (n).

snapshots confirm the well-known fact that alkali halides
are non-self-wetting materials [42].

Using a method based on the velocity auto-correlation
functions of the ions, reported elsewhere [45], it is possible
to estimate the molar fraction of the liquid in the coexis-
tence regions as a function of energy (see Fig. 3). We shall
return to this function ahead.

Table 2 contains the enthalpies of melting and Table 3
presents the heat capacities before and after melting calcu-
lated from the temperature/energy curves. These results
also approach the experimental bulk values and the heat
capacities increase from the solid to the liquid phases.
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Fig. 4. θsc as a function of nTm/(dT/dt). The dashed curve is
a guide for the eye.

4 Freezing

Figure 1, also displays the freezing curves obtained
from totally melted configurations or from configurations
not completely melted containing residual crystallites by
slowly cooling the systems. The freezing process from su-
percooled liquid configurations plus a solid seed is dis-
played in separate diagrams.

4.1 Spontaneous nucleation

The diagrams of Figure 1 indicate that hysteresis cycles
show up when the freezing process is carried out from
totally melted configurations since spontaneous crystal-
lization occurs at lower temperatures/energies than the
ones corresponding to the complete crystal breakdown in
the melting (see black and red curves). The temperature
at which spontaneous crystallization occurs is, approxi-
mately, the same (∼730 K) for cluster sizes over 512. It
may be suggested that this temperature (Tsc) corresponds
to the supercooling limit of the liquid clusters according
to the following analysis.

Assuming homogeneous nucleation, at least one criti-
cal nucleus must be formed in a liquid droplet of volume V
so that crystallization occurs. Then, the attainable limit
of supercooling for the liquid droplet, that is, the homo-
geneous nucleation reduced temperature θsc = Tsc/Tm,
is [64]:

1 =
V Tm

dT/dt

∫ θsc

1

J(θ)dθ (2)

where Tm is the equilibrium freezing temperature, dT /dt
is the cooling rate and J is the rate of homogeneous nucle-
ation i.e. the number of critical nucleus per unit volume
and unit time.

Figure 4 shows θsc as a function of nTm/(dT/dt) com-
puted from the previous data. The overall profile of the
curve is, within the margin of statistical errors, in close
agreement with the predictions of the classical nucleation
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theory, with the exception (also detectable in Figs. 1 and
5, and Tab. 4) of the 2744 ions cluster case which rep-
resents a fortuitous event of premature nucleation. The
experimental attainable limit of supercooling for KCl is
0.836 (874 K) [64] while the average value of the plateau
in Figure 4 is 0.697 (731 K). This is consistent with the
fact that the sizes of our clusters are of the order of 1 nm
(compared to typical droplet sizes of 1 µm in cloud cham-
bers and 10 µm in emulsions) and the cooling rates in the
simulations are considerably higher than the experimen-
tal ones. A larger amount of data with improved statistics
is being produced to allow the computation of the rate
of homogeneous nucleation as a function of θ and cluster
size. This will presumably shed light on the time scale one
can expect the critical nuclei to appear as a function of
both temperature and cluster size.

Although vitrification is possible to occur in simulated
clusters or bulk KCl, by applying instantaneous or very
high cooling rates [65,41], it appears that the present sim-
ulations have prevented it. In fact, it has been detected
that such systems present a glass transition at θ ∼ 0.3
(∼300 K). The temperatures in the present simulation are
above this value. From Figure 4 it can also be inferred that
the probed conditions (cooling ratios and cluster sizes)
are above (though not too far) the region where vitrifi-
cation is concurrent with crystallization. Moreover, the
self-diffusion coefficients in the supercooled region show a
liquid behaviour and have higher values than the ones of
coexistent states (see Fig. 5).

Figure 6 represents the liquid molar fractions obtained
during the cooling with and without residual crystallites.
The inset is a zoom of the supercooled liquid molar frac-
tions. It is clear that the supercooled liquid, obtained from
totally melted states, contains traces of solid-like ions.
However, they do not form a single solid (pre-critical) nu-
cleus inside the liquid droplet. On the contrary, they con-
stitute sparse clouds of individual ions trapped by their
neighbours (with lifetimes �40 ps) whose percentage in-
creases as the temperature decreases. Figure 7 displays
the fraction of solid-like ions as a function of temperature
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Fig. 6. (Color online) Liquid molar fractions along the cooling
with (nucleated) and without residual crystallites for clusters
of different sizes (n).
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Fig. 7. Fraction of solid-like ions, in the supercooled liquid, as
a function of temperature for clusters of different sizes (n).

and Table 5 the fitting coefficients to:
ns

n
= C exp [γ (T − T0)] (3)

where ns and n are the number of solid-behaved ions and
the total number of ions respectively. The curves have a
steep increase at ∼730 K. The fitting coefficients seem
to be uncorrelated with the size of the clusters and for
the bigger ones the curves almost coincide. Considering
that the probability of spontaneous nucleation increases
with the fraction of solid-like ions in the supercooled liquid
the exponential form seems to describe the homogeneous
nucleation process in the present clusters.

4.2 Heterogeneous nucleation

As for the freezing process starting at configurations not
completely melted containing residual crystallites, the be-

Table 5. Values of the exponent factor γ (in K−1), and pre-
factor C obtained from the fittings to equation (3).

n◦ of ions γ C
1728 –0.038 0.011
2744 –0.026 0.008
4096 –0.031 0.017
5832 –0.038 0.022

10648 –0.033 0.020

Fig. 8. Snapshot of the liquid droplet (n = 5832–512) in the
presence of a small crystal seed (n = 512).

haviour is clearly different (see blue curves in Fig. 1)
since the liquid already contains nucleus which mimic the
seeds in heterogeneous nucleation. The hysteresis prac-
tically disappears and the freezing curves approach the
melting ones. However, if the liquid is not sufficiently nu-
cleated, then supercooling and hysteresis show up again
(see green curve in Fig. 1).

The last observations called for a further analysis of
heterogeneous nucleation by means of introducing exter-
nal seeds as small crystallites that collide with the liquid
droplet. In this way one can assess the critical nucleus sizes
for an effective nucleation. We have firstly chosen a set of
configurations at different energies of the 5832-ion cluster,
in the supercooled liquid branch, and extracted 512 ions
from them. After the thermal stabilization of the resulting
liquid droplets we have added one seed (a solid crystallite
with 512 ions) in the neighbourhood of the droplets (see
Fig. 8) and then followed the seeded droplets time evolu-
tion which is displayed in Figure 9.

4.2.1 Phenomenological analysis of the crystal growth
dynamics

The general evolution shows that the temperature in-
creases rapidly with time when the energy is relatively
low, until it reaches the solid or the coexistence solid-
liquid curves. From there on the temperature stabilizes
along the time. The noticeable gap near the middle of
the energy axes is due to the shorter runs performed at
these state points. The rate of temperature variation de-
creases as the energy increases and from a value of en-
ergy ∼−630 kJ mol−1 upwards the temperature ceases to
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Fig. 9. (Color online) Induced crystal growth dynamics (tem-
perature evolution in time at fixed energy) of a supercooled liq-
uid droplet (n = 5832–512) ions, using a seed of 512 ions. Bul-
lets are coloured according to the system temperatures ranging
from blue (for the lowest ones) to red (for the highest ones).
Time in ps, temperature in K and total energy in kJmol−1.
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increase and the system reaches the same supercooled
states obtained by cooling the non-nucleated liquid
droplet. This is better illustrated in Figure 10 to which
we shall return ahead.

Figure 11 shows an example of the temperature
evolution with time of the liquid droplet and solid crystal-
lite. Note that the solid seed has, at the outset, the tem-
perature ∼975 K, the supercooled liquid droplet (5832–
512 ions) the temperature ∼755 K and the resulting
seeded droplet the temperature ∼775 K (corresponding
to the energy of ∼ − 639 kJ mol−1). For this propor-
tion between seed (512 ions) and droplet (5832–512 ions)
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Fig. 11. Temperature evolution for liquid droplet and seed.

sizes, the seeded droplet (5832 ions) temperature is always
about 20 K higher than the unseeded droplet (5832 ions)
temperature corresponding to the same energy, as illus-
trated in Figures 9 and 10, independently of the initial
states of the sub-aggregates. The simulation results have
been fitted to the equation:

T = a0 + a1ea2t +
a3

1 + ea4(t−a5)
. (4)

The exponential term accounts for the temperature time
evolution of each sub-aggregate until the onset of contact
and thermal equilibrium between them. The sigmoid term
accounts for the rest of the process. The constant a0 is, on
average, the equilibrium temperature of the droplet plus
seed at contact.

The fittings suggest the definition of three time pe-
riods. The period to establish the contact between the
liquid droplet and the solid seed as the elapsed time from
the start of the simulation to the instant where the expo-
nential fitted to the crystallite data reaches a value ∼0.1.
The induction period as the elapsed time from the in-
stant of contact to the point where the sigmoid fitted to
the global temperature of the system reaches ∼1/10 of
its maximum value. From this instant until the sigmoid
reaches ∼9/10 of its maximum value a period of rapid
crystalline growth is observed. The three periods are dis-
criminated for different energies in Figure 12. The induc-
tion periods in the energy interval −634 kJ mol−1 (819 K)
to −631 kJ mol−1 (859 K) have a noticeable increase pre-
ceding the point where the seed looses efficiency to induce
order in its neighbourhood. Figures 9 and 10 confirm that
below −630 kJ mol−1 and 855 K the seed is efficient induc-
ing a solid or a phase coexistence after short time inter-
vals. Figure 13 shows a snapshot obtained from a seeded
liquid droplet at −641 kJ mol−1 after ∼1 ns. It is a crystal
though imperfect.

These results indicate that phase coexistence is stable
(and sustained during the lifetime of the clusters) rela-
tively to the supercooled liquid at the same energies, up
to nearly the point where the final breakdown of the crys-
tal takes place on melting.
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Fig. 13. A snapshot of a solid cluster, after 1.376 ns, obtained
by seeding a liquid droplet.

4.2.2 Seed effectiveness limit

The effectiveness of seeding is a well-known question dis-
cussed in the literature [64] and involving theoretical mod-
els and experimental data. To our knowledge, however,
there is a lack of simulation results in particular for al-
kali halide nanoclusters at temperatures near the melting
point. We have also performed simulations starting with
the same supercooled liquid droplet of 5832 ions and using
smaller seeds with 64 and 216 ions. In these cases the liq-
uid droplets have approximately the same size as for the
512-ion seed (5832–64 and 5832–216 ions respectively).

In the case of the 64 ions crystallite, the seed is ineffec-
tive in all the existence range of the probed supercooled
liquid, even for values of energy/temperature near the oc-
currence of spontaneous nucleation (∼730 K).

As for the case of the 216 ions crystallite, the seed is ef-
fective, but only in a shorter range of temperature/energy
than in the case of the 512 ions seed. Above 785 K the seed
looses its efficiency. However, below that temperature the

behaviour of the system, namely its time evolution peri-
ods, is similar to the 512 case. Thus, it seems that the
difference between the results obtained with seeds of dif-
ferent sizes is only in the temperature below which the
seed is effective.

4.3 Sizes of critical nuclei

In order to assess the consistency of the simulation results
we have used a theoretical model to predict the size of the
critical nucleus, that is, the minimum size of the seed that
is effective at a given temperature T .

For spherical seeds and homogeneous nucleation
the radius of the critical nucleus, r∗, is given by
Debenedetti [64]:

r∗ =
2συTm

(Tm − T )∆h
(5)

where σ is the surface tension in the interface, υ is the
specific volume of the solid, Tm is the equilibrium crystal-
lization temperature and ∆h is the enthalpy of melting.

For cubic seeds, we can derive a similar equation for
the edge of the critical cube:

l∗ =
4συTm

(Tm − T )∆h
. (6)

The average number of particles by one edge of the cube,
n∗

a, is:

n∗
a =

4υ
2
3 σTm

(Tm − T )∆h
(7)

and multiplying both members by υ1/3, equation (6) is
obtained.

As we are mainly interested in checking out the con-
sistency of the simulation results we have proceeded as
follows. Assuming that σ and υ are independent on the
temperature [64], the last equation can be rewritten in
the form:

n∗
a(Tm − T )

Tm
= k. (8)

In the case of the 512 ions seed, n∗
a = 8, Tm = 1049 K

and T = 855 K. Therefore, the value of k is 1.48 and
the highest temperature at which other seeds are effective
should be given by:

T = Tm − k
Tm

n∗
a

. (9)

For the 216 ions seed the predicted temperature is 790 K in
good agreement with the simulation value of 785 K. In the
case of the 64 ions seed the predicted temperature is 661 K
well below the temperature of spontaneous crystallization,
and in accordance with the systematic destruction of the
seed observed along the probed supercooled region.

Using k = 1.48 the estimated solid-liquid interfa-
cial tension is σ = 154 mJ m−2. The value for the
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Table 6. Critical nuclei sizes ns as a function of the tem-
perature (T/K). (a) Values collected from the size of residual
crystallites. The number of the ions of the clusters from where
the data was collected are presented between parenthesis. (b)
Values obtained from the seeding process.

ns T

(a) (b)
216 785 (5832)
512 855 (5832)
290 875 (1000)
328 893 (1728)
630 922 (2744)
634 905 (4096)
874 939 (5832)

bulk solid-gas interface, calculated by Fietcher [66], is
σs = 168 mJ m−2. For the bulk liquid-gas interface
σl = 97.83 mJ m−2, experimentally measured by Sato
et al. [67]. From the Antonov rule [68] σ = σs − σl =
70.2 mJ m−2 was expected. So, the actual prediction, while
of the same order of magnitude, overestimates the bulk
value.

We should point out that, apart from the assumption
of σ and υ being independent on the temperature, the
application of equation (7) to the present cases does not
strictly obey to the conditions of its derivation. Indeed,
the equation is obtained supposing homogeneous nucle-
ation where the spontaneous critical nucleus is well inside
the liquid, that is, completely wetted. It is well-known,
however, that alkali halides are non-self-wetting materials
as we have referred to before. Consequently, the seeds re-
main outside the liquid droplet during the crucial steps of
the crystal growth process with their faces not completely
wetted. Moreover, the equation presupposes a bulk liquid
phase which is not exactly the case. Even so the results
appear to be consistent.

We have also estimated the size of the critical nu-
cleus for the freezing process starting at configurations
not completely melted containing residual crystallites, by
analysing the solid portion of the cluster remaining at the
final stage of the melting process. The maximum energy
where the residual crystallite constitutes an effective nu-
cleus is taken from the crossing point of the melting and
recrystallization curves (black and blue curves in Fig. 1).
The size of the crystallite is then estimated by interpo-
lation of the liquid molar fractions in Figure 3. Table 6
contains the results for clusters of different sizes together
with the ones for heterogeneous nucleation. Figure 14 dis-
plays the inverse of the average number of particles by
one edge of the cubic nucleus as a function of tempera-
ture. Note that the straight line approach 0 as T → Tm

according to equation (7). Considering that the method
used to compute the results referring to residual crystal-
lites is a bit crude and that, in the two sets of results, the
nuclei are differently wetted it seems that there is a fairly
good regular behaviour.

750 800 850 900 950 1000 1050
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0.00

0.05
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0.20

( 
n a*  )

−1

Residual crystallites
Seeding

Fig. 14. Inverse of the average number of particles by one
edge of the cubic nucleus as a function of temperature. Dia-
monds represent data extracted from seeding, stars represent
data obtained from residual crystallites.

5 Concluding remarks

We have shown and discussed some relevant aspects of the
melting, freezing and nucleation in unconstrained clusters
of potassium chloride. Whenever possible the simulation
results have been compared with available experimental
data.

We should point out that once the simulated clus-
ters are unconstrained (at virtually zero pressure) a true
thermodynamic equilibrium is never attained. Therefore,
all the references to solid, liquid and coexistent phases
should be understood as metastable states whose life time
is longer than the observation time which, in the present
simulations, is of the order of 102 ns.

The present study needs to be complemented by a full
theoretical analysis of the simulation results to further cor-
relate and predict the whole set of data. Indeed, a proper
discussion on stability demands, for example, the consid-
eration of free-energies which have not been analysed in
the present article. Vitrification is also a possible outcome
of supercooling, well suited to be probed by molecular dy-
namics. These and other aspects, such as the existence of
different solid phases in clusters of LiCl, will be reported
in forthcoming papers.

One of us (P. Rodrigues) gratefully acknowledges the institu-
tional support of the Department of Chemistry and Biochem-
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