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Abstract

Relative to a planar interface, nanodroplets are
characterized by substantial mass density gra-
dients between the interior and the surface re-
gions and different forces when a sole ion is em-
bedded within them. The radial number den-
sity of halide and alkali ions in aqueous clusters
with equimolar radius up to ≈ 1.4 nm, that
corresponds to ≈250 H2O molecules, has been
extensively studied. However, the abundance
of Cl– , Br– and I– on the surface relative to
the bulk interior in these smaller clusters may
not be representative of the larger systems. In-
deed, here we show that the small droplet sizes
with equimolar radius up to ≈ 1.4 nm are sig-
nificantly different in their structure and mass
density and thus, in the relative surface abun-
dance of halides from their larger counterparts
composed of ≥ 800 H2O molecules (equimo-
lar radius ≥ 1.75 nm). Starting from equimo-
lar radius ≈ 1.75 nm converging values in the
ion location are found. The Cl– number den-
sity profile is the most sensitive to the droplet
size and temperature and of the I– least. The
observed trend is that the larger the droplet
is, the lower the relative surface abundance of
chaotropic halides is. At elevated temperatures
Cl– loses gradually its surface propensity, while
I– still preserves it. The relative interfacial free
energy of solvation of the ions is in the range of
a few kJ/mol.

Introduction

Aqueous droplets containing alkali and
halide ions are omni-present in atmospheric
aerosols1–3 and man-made sprays including ion-
ization methods used in analytical chemistry.
An example of the significance of Na+ and Cl–

ions in aerosols is their effect in the kinetics of
photolysis reactions of organic molecules.4 The
fact that the droplet size is a parameter that
its variation may lead to systems with differ-
ent physical and chemical properties has led to
studies focusing on different size regimes.

Studies of vapor-water planar interfaces may
provide insight into the chemistry in the in-
terface of neutral macroscopic droplets or solid
particles.5–13,13,14,14–30

On the other end there is also a signifi-
cant amount of theoretical and experimental re-
search that investigates the local minima in the
potential energy surface and free energy of sol-
vation of a single alkali or halogen ion embedded
in clusters31–43,43–48,48–51 The topic is still inves-
tigated in order to reconcile differences between
computations and experiments and achieve de-
tailed modeling mainly in the smallest clusters
via the use of high level quantum chemistry cal-
culations.52–54

The location of halide and alkali ions in aque-
ous clusters, has been considered a resolved
matter in the literature. Studies over several
decades have reached consensus that the num-
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ber density of a single Cl– , Br– , I– is en-
hanced on the cluster surface, and that F–

and alkali ions lie near the droplet center of
mass.9,32,34,35,39,55,56,56–60 However, the location
of the halide ions as a function of droplet size is
still unresolved. Stuart and Berne56 attempted
to find the cluster size at which the surface-
propensity of a Cl– ion will decrease and the ion
will transfer to the interior. In Ref.56 the coor-
dination number of Cl– as a function of clus-
ter size for clusters up to 255 H2O molecules is
estimated and compared with the bulk values.
The convergence of the data to the bulk value
via extrapolation could not make a prediction
perhaps because as we will discuss, in the clus-
ters of this size the single ion number density
profile is very different from the larger sizes.

All the computational studies have been per-
formed for clusters composed of a few tens of
H2O molecules, or for clusters with approxi-
mately 190 - 255 H2O molecules using polar-
izable and non-polarizable models. Specifically,
Perera et al.58 studied clusters with 238 H2O
molecules Stuart and Berne,56 up to 255 H2O
molecules using OPLS (optimized potential for
liquid state) and a charge fluctuating model,
Caleman et al.59 ≈ 190 H2O molecules using a
Drude oscillator based polarizable model. To
explain the ion location, factors that have been
examined are the ion and water polarization,
charge and ion size.55 Stuart and Berne con-
firmed that Cl– is located near the surface when
a polarizable water model is used and in the
cluster interior when a non-polarizable model
is used. Wick and Xantheas reported simula-
tions of ions in a slab geometry using a polar-
izable force field.57 They considered the factors
of size and polarizability for I– and Cl– . They
found anisotropy in the solvation of the ions.
The anisotropy of the solvation structure corre-
lated with polarizability, but it was also found
to inversely correlate with anion size.

Our reference point is that a point charge
prefers to be in the interior of a droplet be-
cause of the two co-operating effects: electro-
static confinement and higher dielectric con-
stant. We have reported that the method of im-
ages in electrostatics or the method presented
in Ref.,46 predicts that a single ion in a droplet

is always subject to a harmonic potential cen-
tered to the droplets’ center of mass (COM).

The energy, ∆E1, related to the distance of
the ion from the droplet’s COM is given by

∆E1(‖r‖) = K(ε)
Q2

R3
‖r‖2 (1)

where

K(ε) =
ε− 1

4πε0ε(ε+ 2)
(2)

Q, R and ε are the charge of the ion, the droplet
radius and the relative dielectric constant of the
solvent, respectively, ε0 is the vacuum permit-
tivity and ‖r‖2 = X2

COM +Y 2
COM +Z2

COM (where
XCOM, YCOM, ZCOM are the coordinates of the
droplet’s COM). We call this effect “electro-
static confinement” (EC).

Such a force is not present in a planar inter-
face. The EC is more evident for an ion with a
charge of at least ±3e (where e is the elemen-
tary positive charge) found in a droplet with a
relatively small radius. For the EC to become
evident the radius size will be equal or mod-
erately larger than the radius at the Rayleigh
limit.61–63 The Rayleigh limit is defined as the
point where the electrostatic forces balance the
surface forces in a droplet. In small droplets the
geometric confinement may compete with EC.
Moreover, detailed chemical interactions (e.g.
charge transfer) may interfere with EC reduc-
ing its effect. A simple view of the location of
halogen and alkali ions shows consistency with
EC. Weakly polarizable ions such as F– , and
the alkali ions are closer to a point charge and
they are expected to be found in the interior.
The polarizable halides are more complicated
because of their large size and polarization. The
large size will have a free energy penalty for cre-
ating a cavity within the solvent to place the
ion. This penalty increases with the ion size.

Even though the smaller clusters have been
thoroughly studied,34,35,39,56,58,59 the abundance
of ion on the surface relative to the bulk in-
terior in smaller systems may not be repre-
sentative of the larger ones. Here we show
that the Cl– and Br– number density profiles
change significantly with the droplet size. The
larger the droplet is the surface abundance de-
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creases and the interior probability increases.
The abundance of the I– on the surface is not
affected as much as that of the other ions by
the droplet size. Studies of the location and
solvation of ions in mesoscopic clusters (nan-
odroplets) especially at low temperature or el-
evated temperature relative to room tempera-
ture are still limited.45,46,58 However, the stud-
ies at elevated temperature relative to room
temperature are perhaps more relevant nowa-
days for atmospheric processes since the tem-
perature in Earth is shifted toward higher val-
ues. In this study we examined the effect of
higher temperature in the number density pro-
files of halides. We find that among the halides,
the Cl– number density profile is the most vul-
nerable in increase of temperature. Cl– proba-
bility gradually moves toward the droplet COM
and Cl– loses its surface affinity at temperature
350 K. In the study we assess the outcomes of
four force fields, that include polarizable and
charge-scaling modeling.

Systems and simulation

methods

Molecular dynamics (MD) simulations of
charged aqueous droplets containing a sole
anion F– , Cl– , Br– and I– were performed.
For comparison, simulations have also been
performed with Cs+. Three non-polarizable
parameter sets and one polarizable parameter
set were used. The non-polarizable models are:
TIP4P/2005 water model64 with the ion pa-
rameters from OPLS-AA,65 denoted hereafter
as OPLS-AA; exactly the same model as be-
fore, but the charge of the ions are scaled by
a factor of 0.75 suggested by Kirby and Jung-
wirth,66 denoted hereafter as OPLS-AA‡; and
TIP4P/200564 water model with the Madrid-
2019-Extended ion parameters (M19),67,68

where the ions are scaled by a factor of 0.85,
denoted hereafter as M19. The polarizable
model69 SWM4-NDP with the CHARMM-
Drude force field70 was used, denoted here-
after as “Drude”. The ion parameters are
shown in Table S1 in SI. In order to exam-
ine the effect of the ion sign in its location in

a droplet, simulations with SWM4-NDP and
OPLS‡ were performed by changing the sign
of the halide ions to positive and keeping all
the other parameters the same. The major-
ity of the simulations have been performed for
aqueous droplets ranging in size between 200
H2O molecules (Re = 1.1 nm, where Re denotes
the equimolar radius) to 2000 H2O molecules
(Re = 2.5 nm). Only for Cl– simulations using
SWM4-NDP were performed in a 6000 H2O
droplet (Re = 3.7 nm). The systems and dura-
tion of production runs are shown in Table S2
and Table S3 in SI, for the non-polarizable and
SWM4-NDP models, respectively. The major-
ity of the simulations have been performed at
temperature T = 300 K. For comparison simu-
lations have also been performed at T = 325 K
and T = 350 K.

The MD simulations were performed in
the canonical ensemble using NAMD version
2.14.71 The droplet was placed in a spheri-
cal cavity of 10 nm radius using the spherical
boundary condition as implemented in NAMD
in order to maintain a vapor pressure equi-
librium. The Newton’s equation of motion
for each atomic site was integrated using the
velocity Verlet algorithm with a time step of
1.0 fs for the polarizable systems and 2.0 fs
for the nonpolarizable systems. The trajec-
tories were visualized using VMD 1.9.4a47.72

All the forces were computed directly without
any cutoffs. The temperature was controlled
by the Langevin thermostat. For the polariz-
able systems, NAMD utilizes a dual Langevin
thermostat to freeze the Drude oscillators while
maintaining the warm degrees of freedom at the
desired temperature. The systems were ther-
malized with the Langevin thermostat at 300 K
for the warm degrees of freedom and at 1 K for
the Drude oscillators. The damping coefficient
for the Langevin thermostat was set to 1/ps.

The mass density and the dielectric constant
of the SWM4-NDP water in bulk solution are
reported in Ref.73 Specifically the bulk density
of SWM4-NDP at 298.15 K and pressure 1 bar
has been reported to be 1.0038 g/cm3 (experi-
mental: 0.9971 g/cm3) and dielectric constant
77.8 (experimental: 78.4). At T = 323 K and
T = 348 K (pressure 1 bar) the density has
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been reported to be 0.9847 g/cm3 (experimen-
tal: 0.9881 g/cm3) and 0.9632 g/cm3 (experi-
mental: 0.9749 g/cm3, respectively, and the di-
electric constant 68.0 (experimental: 70.0) and
58.9 (experimental: 62.4), respectively. It is
noted that in the droplet interior the pressure
is much higher than 1 bar, thus, the values re-
ported in Ref.73 for pressure 690 bar are also
considered in the data analysis. In the analysis
of the H2O structure, we use the Voronoi vol-
ume and the distance of the fifth closest neigh-
bor to the oxygen site of water as described in
Ref.46

Results and Discussion

Halide surface affinity as a func-
tion of droplet size and tempera-
ture

Figure 1 (a)-(d) shows the ion number density
using the SWM4-NDP model at T = 300 K in
droplets of various sizes. Table S4 in SI shows
the raw data (without division by volume) of
residence time (in percentage) of an ion in the
droplet’s bulk-like interior and exterior. Table 1
shows the data of Table S4 in SI but as concen-
tration and a corresponding equilibrium con-
stant of the exterior over the interior concen-
tration in the droplet. In the next paragraphs
the two regions will be defined more precisely.

As it is already known, Cl– , Br– and I–

have a surface propensity, while F– and Cs+,
the largest of the alkali metal ions used here
for comparison, are found in the droplet in-
terior.9,32,34,35,39,56,56–60 However, the relative
number density profile of Cl– , Br– and I–

changes with the droplet size. The probabil-
ity to encounter the ion to the bulk-like interior
will depend on the volume. To do a democ-
ractic comparison, we compare the ratio of the
percentage residence time in the exterior among
Cl– , Br– and I– within the same droplet size.
We find that the Cl– over I– ratio decreases
from 0.92 in N = 200 to 0.72 in N = 2000. In
order to better understand these differences we
examine the H2O structure in these systems.

Figure 2 provides three diagnostics about the

structure of water, the mass density ρ measured
in spherical cells around the droplet’s center of
mass (COM), the denisty ρV using the Voronoi
volume and d5 which is the distance of the clos-
est fifth H2O molecule from the oxygen site
of a a H2O molecule. These diagnostics vary
in the same way regardless of the halide ion
used. All the diagnostics show that the H2O
density starts to decrease at a distance 0.6 nm
from the COM in the droplet with N = 200
H2O molecules (Re = 1.1 nm, where Re is the
equimolar radius), at 1.1 nm in N = 776 (Re

= 1.75 nm), at 1.8 nm in N = 2000 (Re =
2.45 nm), and at 2.9 nm in N = 6000 (Re =
3.55 nm).

The estimates of density and pressure in the
droplet interior are shown in Table 2. The den-
sity in the droplet interior for N = 200, is
very near the value 1.0286 g/cm3 reported in
Ref.73 for the bulk SWM4-NDP at 298.15 K at
pressure P = 690 bar. The interior density of
N = 776 is also near the value at P = 690 bar
but slightly lower. It is noted that the Young-
Laplace equation predicts a much higher pres-
sure for N = 200 and N = 776, which raises
the question whether SWM4-NDP can adapt
its structure in this high pressure. The same
question should arise in the simulations pre-
sented in Ref.59 but there is no discussion on
this aspect of the problem. As expected, the
bulk-like interior density decreases with the in-
crease in the droplet size converging to a bulk
value at T = 298.15 K and P = 1.0 bar when
Re ≈ 1.3 µm estimated by the Young-Laplace
equation.74 Moreover, the various droplet sizes
show differences in the thickness of the exte-
rior region, which includes the subsurface and
surface. The difference between the distance at
the start of the density decrease and Re is a
constant equal to 0.65 nm, except for N = 200
where it is 0.5 nm. The distance of the maxi-
mum of the number density of Cl– from the ra-
dius of the bulk-like interior is 2.8 Å inN = 200,
and converges to the value of 4.5 Å in the
larger droplets. Similarly, the distance of the
Cl– and I– number density maximum increases
from 0.4 Å in N = 200 to 1.0 Å in the larger
droplets. The results show that there is a grad-
ual convergence in the thickness of the external
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Figure 1: Number density profiles in units of concentration measured from the droplet’s center of
mass (COM) of an embedded sole ion in an aqueous system comprised (a) N = 200, (b) N = 776,
(c) N = 2000, and (d) N = 6000. The shaded area indicates the surface region of the droplet. The
start point is where the density of H2O starts to decrease relative to the interior. Re marks the
equimolar radius. Error bars obtained by block averaging over five equally spaced block is shown
for Cl– . The bin size used is 0.5 Å. Simulation length of the systems is shown in Table S3 and they
continue to further improve the statistics.

Table 1: Percentage of ion residence time in the droplet’s interior and the exterior
region (including surface and subsurface) normalized to the volume of the regions.
The boundary between the surface and the interior are defined at 6.0 Å, 11.0 Å,
18.0 Å for N = 200, 776 and 2000, respectively. The dash lines in the table indicate
that simulations have not been performed for these systems because the outcome is
expected. Details are in the text.

System X– = F– X– = Cl– X– = Br– X– = I–

Int. Ext. KF
eq Int. Ext. KCl

eq Int. Ext. KBr
eq Int. Ext. KI

eq

200H2O SWM4-NDP-X− 82.5 17.5 0.2 32.8 67.2 2.0 6.4 93.6 14.7 2.1 97.9 47.4
776H2O SWM4-NDP-X− 80.9 19.1 0.2 49.6 50.4 1.0 15.6 84.4 5.4 4.1 95.9 23.6
2000H2O SWM4-NDP-X− – – – 55.9 44.1 0.8 22.4 77.6 3.5 12.5 87.5 7.0

776H2O OPLS-AA-X− 83.2 16.8 0.2 78.5 21.5 0.3 76.9 23.1 0.3 63.6 36.4 0.6
776H2O OPLS-AA‡-X− 77.3 22.7 0.3 43.4 56.6 1.3 30.0 70.0 2.3 1.9 98.1 50.5

776H2O M19-X− 73.7 26.3 0.4 60.1 39.9 0.7 51.5 48.5 0.9 28.8 71.2 2.5
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Figure 2: ρV , ρ and d5 of a droplet comprised a sole Cl– and (a) 200 H2O, (b) 776 H2O (c) 2000
H2O molecules. ρV is the density estimated using the Voronoi volume, ρ is the mass density and d5
(Å) is the distance of the closest fifth H2O molecule from the oxygen site of a central H2O molecule.
Details are discussed in the text.

region and the location of the maxima of the ion
density profiles by increasing the droplet size.

Figure 3 shows that the ions are found in the
region where there is charge density variation,
which is the same the region where the wa-
ter density is lower than the bulk-like interior.
The grey highlighted region has a thickness of
0.6 nm for the droplet of N = 200, and con-
verges to 1.1 nm in the larger droplets.

The combination of Fig. 1, Table S4 in SI and
Fig. 2 suggest that as the H2O density in the
bulk-like interior decreases with droplet size,
the Cl– , Br– , I– may penetrate easier the H2O
network. This effect becomes more pronounced
at T > 300 K as shown in Fig. 4. At T = 350 K,
Cl– loses its surface propensity. The surface
affinity of I– is least affected by the droplet size
and temperature.

In the smallest nanodroplets, even though

the interior and exterior regions have the same
chemical consistency, they have substantially
different organization. For this reason, it may
be more suitable to define an equilibrium con-
stant, KX

eq, where X = F, Cl, Br, I, with the
sense of a partition coefficient between the two
regions. Caleman et al. have used a very simi-
lar H2O model to compute the free energy dif-
ferences between the ion’s state in a droplet
composed of approximately 200 H2O molecules.
The interior is defined in the interval (0,7.5 Å)
and the surface is defined in the interval (7.5
Å,11 Å), while in our study for approximately
the same system size the barrier is found at
6.0 Å. Using the value of 7.5 Å for the bar-
rier location, we estimated a KX

eq = 2.02, 8.9
and 14.4 for Cl– , Br– , I– , respectively, which
compares reasonably well with the values 1.6,
7.0 and 13.0 reported in Ref.59
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Table 2: Estimates of the interior den-
sity (ρi) for different aqueous droplet
sizes (N) and temperature (T ) using
our simulation data presented in Fig. 2.
The pressure (P ) was estimated us-
ing the Young-Laplace equation. From
Ref.73 the bulk density of SWM4-NDP
at 298.15 K and pressure 1 bar has been
reported to be 1.0038 g/cm3 (experimen-
tal: 0.9971 g/cm3). P is estimated us-
ing the Young-Laplace equation with sur-
face tension value69 67 ± 4 dyn/cm for
SMW4-NDP at T = 298.15 K. At T =
325 K and 350 K, P is estimated using
the experimental value of surface ten-
sion, 67.5 dyn/cm and 64.0 dyn/cm, re-
spectively.

N T (K) ρi (g/cm3) P (bar)
200 300 1.028 ± 0.007 1212 ± 73
776 300 1.021 ± 0.003 766 ± 45
776 325 1.000 ± 0.003 771.4
776 350 0.977 ± 0.004 731.4
2000 300 1.015 ± 0.003 547 ± 33
6000 300 1.015 ± 0.003 378 ± 23

As we showed, in N = 200 the partitioning
of the ions between the exterior and interior
is not representative of the partioning in the
larger nanodroplets. Our calculations suggest
that droplets with N ≥ 2000 will be more rep-
resentative systems to estimate the ion parti-
tioning and the relative interfacial free energy,
because SWM4-NDP may not be able to repro-
duce the appropriate structure in the interior of
N = 200 and N = 776. Simulations at elevated
temperature of T = 325 − 350 K for N = 776
may be also good candidates for performing the
simulations using SWM4-NDP. Moreover, for
the smallest nanodroplets droplets, the pres-
ence of the ion and the much larger relative
shape fluctuations, as suggested by Fig. 2 (a)
relative to Fig. 2 (b)-(d), will affect the water-
water interactions, and thus, one might not be
able to infer the dominant interactions that de-
termine the ion location. Estimation of KX

eq as
a function of temperature will be a more robust
approach to extract entropic and enthalpic con-
tributions of the relative interfacial free energy.
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Figure 3: Cumulative charge distribution func-
tion of a droplet comprised a sole ion and (a)
N = 200, (b) N = 776, and (c) N = 2000.

The difference in the ∆G between the bulk-
like interior and the exterior for certain droplet
sizes is reported in Table 3.

The results of the relative free energy can also
be useful in studies of droplets with multiple
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Figure 4: Number density profile of a droplet
comprised 776 H2O molecules and a sole ion (a)
Cl– , (b) Br– , (c) I– at 300K, 325K and 350K.

Table 3: ∆∆G (kJ/mol) for Cl– , Br– , and
I– using the KX

eq from Table 1.

N Cl– Br– I–

200 −1.7 −6.7 −9.6
776 0.0 −4.2 −7.9
2000 0.6 −3.1 −4.8

ions of the same sign. If we estimate the single
ion relative interfacial free energy, we deduce
that we can use this quantity in the ion evapo-
ration model75 for computing the relative rate
of ion ejection from droplets with multiple Cl– ,
Br– and I– ions. Our previous research76 has
shown that multiple Cl– , I– (expected also for
Br– ) ions in the outer layers of SWM4-NDP
droplets are found at the same distance from
the droplet surface as the single ion. Thus, for
droplets larger than 1000 H2O molecules, where
the ion motions are uncorrelated, the sole halide
interfacial solvation energy may be used to com-
pute the rate of single ion evaporation.

Factors that affect the halide ion
surface affinity

Scaled charge force fields We examined
the effect of the force field in predicting the
sole halide surface affinity. Specifically, we
tested the TIP4P/2005 water model, and the
newer models with scaled charge OPLS-AA‡,
and M19. Details are described in the sec-
tion “Systems and simulation methods”. The
comparison of the ion number density profiles
are shown in Fig. S1 in SI and the raw date
of the ion residence time Table S4 in SI. Fig-
ure S2 in SI shows the ion-oxygen site radial
distribution functions (RDFs) for the tested
models. If one takes the SMW4-NDP as the
baseline, the OPLS-AA‡ model best approxi-
mates the polarizable model. The M19 model
intends to reproduce the structure of aqueous
solutions and results in a concentration profile
that resembles that of multiple ions in solution.
The unscaled OPLS-AA model and other non-
polarizable models do not introduce any sur-
face preference as it has already been discussed
in the literature.56 The charge scaling method
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originates from the need to approximate the
electrostatic screening that arises from the elec-
tronic polarization in bulk water without re-
sorting to explicit polarization. Therefore, the
charge scaled force field yields a weaker than
expected interaction between the ion and water
in the surface and subsurface. In the OPLS-
AA‡ case, this result in an ion number density
profile near the surface having only qualitative
agreement with the SWM4-NDP model.

It is interesting to compare the RDFs of
TIP4P/2005 and SWM4-NDP models in bulk
solution at T = 273.15 K and at elevated pres-
sure. The comparison of the RDF reported
in Refs.64,73 at T = 273.15 K and P = 1
bar shows that TIP4P/2005 is more struc-
tured than SWM4-NDP. It has been reported
in Ref.73 that the O-H and O-O SWM4-NDP
RDFs and diffusion coefficients of bulk solution
at T = 273.15 K pressure up to 690 bar do not
change, however, we observe in Fig. 4 of Ref.73

a small loss of structure in the second coordi-
nation shell of O-O at P = 690 bar.

Ion charge and polarization We simulate a
droplet containing a sole Cl+, Br+ and I+ with
OPLS-AA‡ in order to examine the role of the
sign of the charge. The number density profiles
are shown in Fig. S3 in SI. The results from the
polarizable model shows that X+ does not have
a preference toward the surface at the size of
200H2O, which is consistent with the result of
Caleman et al. in Ref.59) and 776H2O. How-
ever, the OPLS-AA† shows that the positively
charged analogue of halides are also attached to
the surface. It appears that in OPLS‡ the cor-
rection made to reproduce the negative ions,
also differentiates the positive ions. The cor-
rection is in the charge, so the charge density
change. We accept as true that the positive
ions are not differentiated and are found near
the center. This shows that the charge density
alone may be the factor that differentiates the
negative ions and positive ions in this model.
Simulations were also performed for a sole Cl–

in N = 200 using the SWM4-NDP model by
eliminating the Cl– polarization and keeping all
the other parameters the same. We found that
Cl– loses its surface affinity and resides in the

interior. All the tests suggest that by chang-
ing one of the parameters in a model we cannot
deduce the factors that determine the ion lo-
cation because all the parameters are related
in order to reproduce certain properties. Thus,
changing the ion parameters to determine the
dominant effect is not a fruitful path within the
force field framework.

Conclusion

1. We showed that the small droplet sizes
with equimolar radius up to ≈ 1.1 −
1.4 nm are significantly different in their
structure and mass density and thus, in
the relative surface abundance of halides
from their larger counterparts composed
of ≥ 800 H2O molecules (equimolar ra-
dius ≥ 1.75 nm). From equimolar ra-
dius ≈ 1.75 nm we start seeing converg-
ing values in the ion location. Cl– num-
ber density is the most sensitive to the
droplet size and temperature while I– is
least sensitive. The trend that we iden-
tify is that the larger the droplet is, the
lower the relative surface abundance of
chaotropic halides is. At elevated tem-
peratures Cl– loses gradually its surface
propensity, while I– still preserves it.

2. We estimated the relative interfacial free
energy of solvation of the ions, which is in
the range of a few kJ/mol.

3. The interplay of factors that lead to the
chaotropic halides propensity on an aque-
ous planar interface may not be the same
as in a droplet because of the large mass
density gradients in the droplet and the
existence of forces such as the electro-
static confinement, which does not exist
in the planar interface.

4. We assessed the quality of the scaled mod-
els optimized for the bulk solution in pre-
dicting the location of the ions. The
OPLS‡ appears to be the closest to the the
SWM4-NDP in simulations of droplets
with ions. This may be important in
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the atomistic modeling not only of a sole
ion in a droplet, but also of multiple ex-
cess ions in a droplet. The use of OPLS‡

may extend the system sizes accessible to
atomistic modeling relative to a polariz-
able model that is more computationally
expensive. The use of OPLS‡ may assist
to explore the ion evaporation mechanism
for negative ions in droplets that con-
tain tens of thousands of H2O molecules,
where it is expected to show release of
simple ions.

Supporting Information

(S1.) System and simulation parameters; (S2.)
Number density of the sole ion in an aque-
ous droplet using various force fields; (S3.)
Comparison of the radial distribution functions
(RDFs) of Ion-Oxygen for the various models;
(S4.) Potentials of mean force (PMFs) for the
ions along the distance from the droplet’s COM
reaction coordinate; (S5.) Number density pro-
files for X+ in aqueous droplets using different
force fields.
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