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Abstract

In a recent article (J. Phys. Chem. C 2019, 123, 4914–4925) we studied using

molecular dynamics simulations the structure of an ionic liquid (IL) mixture comprised

of 1-methyl-3-octylimidazolium octylsulfate and 1-ethyl-3-methylimidazolium ethylsul-

fate confined by vacuum interfaces. At these interfaces, the mixture formed an apolar

blocking layer concealing the smaller and more polar ions to the interior of the liq-

uid phase. In the current work, and for the same IL mixture, we study the case of

confinement between (001) mica surfaces, where the solid provides a flat and polar

ionic interface. Our focus is twofold; first, we want to understand the structural and

dynamical behavior of the IL mixture at the boundary where the confining interface

is highly polar and second we want to establish how far away from the interface liquid

behavior is recovered. This last point is particularly important in light of puzzling

recent experimental results regarding the behavior of ILs and solutes dissolved in them

under confinement where large distances appear to be necessary to recover true bulk

behavior. We find that the IL mixture is highly structured at the adlayer, but within 5

nm bulk–like structural features are recovered. Dynamical properties at the center of

our thin film also appear converged to bulk behavior, but further studies are required

to fully address the issue of dynamics within confined IL films.

1 Introduction

Ionic Liquids (ILs) have unique chemical and physical properties which make them excellent

candidates for various applications in chemical synthesis, catalysis, lubrication and elec-

trochemistry among other areas and they can be designed with specificity for particular

problems.1–5 The design for particular purposes needs not be restricted to the combination

of a single cation with a single anion and many studies have gone beyond this by considering

mixtures with conventional solvents or multiple ions. Significant research has recently been

devoted to binary and ternary mixtures of ILs.6–16 Because this is relevant to applications,
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when dealing with multiple salt components, we are not only interested in their bulk behavior

but also in their preferential arrangement at interfaces.

A substantial number of experimental and theoretical studies have already been carried

out on ILs at interfaces, and highlighted in recent review articles.2,3 In these studies, re-

searchers have discussed patterns of interface–induced order. Recently, using atomic force

microscopy, Atkin and coworkers found that the structure of ILs at the mica interface was

sensitive to the ion size, solvophobicity and hydrogen bonding ability;2,17 using neutron re-

flection combined with the surface force balance technique, Norman and coworkers revealed

the nature of density oscillations of an IL between mica sheets.18 Several simulation studies

also addressed the structure of ILs at neutral and charged mica interfaces.19–25 For the most

part, studies appear to agree that beyond a few nanometers interfacial structural effects

decay to bulk behavior.

Somewhat puzzling, is recent work that hints at the possibility of surface–induced effects

that do not dissipate at short distance (a few nanometers) from the interface, especially

when confinement is coupled to external forces.26–28 In particular, reports exist that suggest

the dynamics of ILs under confinement (inside membrane pores or in films29–31) and that of

solutes dissolved in them, could be notably slow when compared to bulk behavior under the

same conditions.

The gap in our current understanding about IL mixtures at interfaces as compared to the

bulk has been prominently highlighted in the literature.11 In a recent study, we explored the

organization of a 50% mixture of 1-methyl-3-octylimidazolium octylsulfate (C[8]-mim+/C[8]-

OSO−
3 ) and 1-ethyl-3-methylimidazolium ethylsulfate (C[2]-mim+/C[2]-OSO−

3 ) confined by

vacuum.32 We found that if the film was thinner than the decay length for spatial correlations

away from the interface (∼6 nm), ions were highly organized. However, in thicker films of

about 24 nm, a bulk-like liquid region with a flat atomic density profile could be clearly

observed if careful32 temporal averaging was carried out. As pointed out in that study, for

ionic liquids that have mesoscale structure in the bulk, a well converged atomic density profile
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away from the interface requires very long simulations (hundreds of nanoseconds). This is

because of the need to average out the random equilibrium configurations of the nanoscale

domains. This must be done in order to distinguish the oscillations in the density profile

caused by the interface from the same–type polar–apolar oscillations naturally occurring in

the bulk. The difference between these two is that oscillations caused by flat boundaries

are directional, whereas polar–apolar domain alternations in the bulk are not; the key issue

is that in a simulation, these are indistinguishable if averaging is insufficient. Many prior

studies have not properly addressed this and hence were unable to unequivocally distinguish

the two types of density fluctuations.

Besides studying the structure and dynamical behavior of our mixture of ILs at a highly

polar interface in comparison with the highly apolar vacuum interface described in reference

32, we would also like to start addressing the somewhat controversial question of whether the

“bulk–like” interior of an IL or mixture of ILs in nanoconfined environments is structurally

and dynamically distinguishable from “real” bulk. In particular, we focus on whether beyond

the interfacial structural persistence length-scale, the liquid exhibits structural or dynam-

ical characteristics that deviate from the perfectly unperturbed bulk. Our simulated film

composed of 50% C[8]-mim+/C[8]-OSO−
3 and C[2]-mim+/C[2]-OSO−

3 confined between (001)

mica surfaces (see Figs 1 and 2), is relevant in the context of surface force measurements and

atomic force microscopy studies reported by the Espinosa-Marzal and Atkin groups. 17,26,33,34

2 Simulation Details

Muscovite mica, KAl2Si3AlO10(OH)2, is a monoclinic clay mineral that can easily produce

a well–defined, atomically flat (001) surface.35 A single layer of mica has a tetrahedral–

octahedral–tetrahedral (TOT) structure in which an ocatahedral Al sheet is enclosed be-

tween two tetrahedral Si sheets. Some of the Si4+ are substituted by Al3+ giving rise to a

net negative charge which is neutralized by interlayer K+ ions. There is a long–standing
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Figure 1: Molecular structures of (a) C[8]-mim+/C[8]-OSO−
3 and (b) C[2]-mim+/C[2]-OSO−

3 .
Red and black denote the definition of polar and apolar ionic subcomponents used throughout
the article.

Figure 2: Final snapshot of our production run at 425 K. Mica is represented as green
spheres, K+ ions as orange spheres, the polar component of the liquid mixture as defined
in Fig. 1 is represented with white wires whereas the apolar components with purple wires.
The IL mixture adlayer is highly structured and polar and beyond it an apolar bilayer can
be observed followed on the liquid side by a second more disordered polar layer.
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controversy in the literature regarding the fate of K+ ions at the cleaved mica surface and

hence its overall charge.36–40 This article does not attempt to resolve this controversy; instead

our perspective is that ideally in freshly cleaved mica, K+ ions are uniformly distributed at

Si4Al2 ring sites41 on the surface rendering the solid neutral.42–44 As time evolves, K+ ions

are free to diffuse or exchange with cations in the IL if that is energetically favorable. We will

see in subsequent sections that this phenomenon is not observed on a time scale of a couple

of hundred nanoseconds. This is consistent with the hypothesis put forth in the recent liter-

ature38–40 suggesting that water or other impurities may be important in the diffusion of K+

ions away from the interface. In the present study, a single crystallographic unit cell of mica 45

was repeated 21 times along the a vector and 12 times along the b vector to obtain a (001)

surface that mimics the freshly cleaved conditions of mica. As in prior studies,19,20,35,46–48

the 95.8o monoclinic angle (β) was approximated to 90o during simulation.

The CLAYFF49 force field was used for mica together with the Canongia–Lopes and

Pádua50,51 and Optimized Potentials for Liquid Simulations All–Atoms (OPLS–AA) force

fields.52–54 As in our recently published work,32 the charges on the IL were scaled at 78%

of their nominal value. This is important to match dynamical properties while still preserv-

ing the correct bulk structure function.32 A caveat in these simulations is that the original

Canongia–Lopes and Pádua50,51 force field uses geometric combination rules for Lennard–

Jones interactions whereas the CLAYFF49 force field is best used with Lorentz-Berthelot

mixing rules.55 Our bulk IL simulations follow the original Canongia-Lopes and Pádua pre-

scription, but simulations including mica use Lorentz-Berthelot mixing rules for all atoms.

The change introduced, results in negligible (less than 2%) adjustments to the sigma value for

cross terms in the IL but are needed to make the two force fields compatible for simulation.

All Molecular Dynamics (MD) simulations were performed using the Gromacs pack-

age56–58 and used the Nose–Hoover algorithm59,60 to control the temperature. The leap–frog

algorithm61 along with a time step of 1 fs was used to integrate all equations of motion.

Our IL mixture consists of 1500 ions of each type (6000 ions total) and equilibration
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simulations start from the final (thoroughly equilibrated) bulk liquid configuration obtained

from an NPT production run carried out at 650 K for 60 ns in our previous study.32 Before

combining solid slabs with the bulk IL mixture to generate a film geometry, the mica surfaces

were energy minimized and relaxed in an NVT simulation for 3 ns at 650 K. Still at 650 K, the

combined mica–IL mixture system was first subjected to a semi–isotropic NPT simulation

using the Parrinello–Rahman barostat62 to allow the total volume of the system to properly

converge by only varying the box length in the z direction. The final equilibrated box

dimensions at this point were 10.9 nm x 10.8 nm x 20.6 nm and the simulation was further

extended in the NVT ensemble for another 0.25 ns. The Particle Mesh Ewald (PME)

method63,64 (EW3D in Gromacs) with an interpolation order of 6 and Fourier grid spacing

of 0.8 nm was used while fixing the the short–range Coulomb and Lennard–Jones cutoffs to

1.5 nm.

At this point, the system was placed at the center of a 10.9 nm x 10.8 nm x 82.4 nm rect-

angular parallelepiped with sufficient empty space to properly apply the EW3DC65,66 PME

technique by Yeh and Berkowitz which approximates the 2D Ewald summation appropriate

for slab simulations. Subsequent simulation steps were carried out in the NVT ensemble.

The simulation slab was allowed to relax for 8 ns during which an annealing protocol gradu-

ally lowered the temperature from 650 K to 425 K. At the end of this step, we carried out a

200 ns production simulation at 425 K; Figure 2 is a snapshot of its last configuration frame.

This run was used to analyze the behavior of our IL mixture confined by mica.

In a separate simulation, the last snapshot of a 60 ns NPT production run performed for

the bulk IL mixture at 425 K from our previous study32 was extended in the NVT ensemble

for 200 ns at the same temperature. This trajectory was used to determine the structural

and dynamical properties of the bulk liquid in the absence of interfaces.
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3 Results and Discussion

At the freshly cleaved mica interface, our IL mixture is highly organized. We can begin

to see this from the simulation snapshot in Fig. 3 displaying rows of surface K+ ions in

contact with the IL mixture. Each surface K+ ion appears capped either by C[8]-OSO−
3 or

Figure 3: Visualization of surface K+ ions in contact with the IL mixture. Rows of K+

ions (orange spheres) are capped from above by sulfate groups of long and short IL anions.
Short– and long–tailed imidazolium ions at the interface lay between rows of K+ ions.

by C[2]-OSO−
3 , and the intervening space between rows of K+ ions is occupied either by

C[2]-mim+ or C[8]-mim+. To better understand how this order dissipates into the liquid

phase, in subsequent subsections we discuss computed atomic density profiles away from the

interface as catalogued by charge, the polar or apolar nature of the components and the type

of ions in our IL mixture. We also, discuss the orientation of ions as a function of distance to

the interface as well as tangential structural and dynamical correlation functions that help

us better understand the transition between the interface into the “liquid–like” region.
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3.1 Density Profiles

The final 180 ns of our production trajectory were used to generate all the density profiles

along the z direction of our simulation box; this is the direction normal to the interface.

Figure 4 (left) shows density variation based on the polarity of ionic subcomponents as

defined in Fig. 1. The polar liquid subcomponents comprise the immediate adlayer of the

mica substrate followed by an apolar density layer. This pattern of oscillations continues

into the liquid phase; if we consider the whole film, we can observe three polar layers and

two apolar layers that alternate away from each mica boundary. Beyond about 5 nm, the

density profile is flat, indicating the full decay of surface-induced structural oscillations.

Separation of the polar components into the density of each charge type, reveals the

existence of two oppositely charged sublayers in direct contact with the interface but at

slightly different z values. The cationic layer is closest to the surface; this can be easily

understood from Fig. 3 where cationic rings lay in grooves between rows of K+ ions whereas

sulfate anions cap K+ ions from the liquid side.
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Figure 4: Polar–Apolar (left) and Positive–Negative–Apolar (right) symmetrized density
profiles along the surface normal Z direction. Inset zooms into the interface to show also the
atomic densities of K+ ions (magenta) and basal oxygen atoms (green) of (001) mica.

Next we focus on the effect of ionic size on their relative concentration along the z -axis and

9

Page 9 of 29

ACS Paragon Plus Environment

The Journal of Physical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



away from the interface. In reference 32 we found significant enrichment of larger size ions at

the vacuum interface. The more apolar ions formed a blocking layer effectively confining the

smaller more polar ions to the interior of the interface and concealing them from vacuum.

Density profiles in Figure 5 show that at the mica–IL interface both types of ions coexist.

C[8]-mim+ and C[2]-mim+ heads have sharp density peaks at about the same z -coordinate.

This behavior is clearly exemplified in Fig. 3 where both types of ion heads lay in grooves

parallel to rows of K+ with their tails pointing towards the liquid interior. Similarly, heads of

C[2]-OSO−
3 and C[8]-OSO−

3 cap K+ ions resulting in head density distributions with maxima

at similar z values in Fig. 5.

Instead, ions in the second polar layer away from the interface, appear to be segregated

by size. In this second polar layer, heads of the larger C[8]-mim+/C[8]-OSO−
3 ions appear

predominantly first (-5.5 to -5 nm in Fig. 5), followed by those of the smaller C[2]-mim+/C[2]-

OSO−
3 ions (-5 to -4.5 nm in Fig. 5). The reason for this “by–size” separation of ionic species

is the formation of an apolar bilayer beneath the highly polar adlayer; the formation of this

structure will become more apparent when we discuss the angular distribution of tails with

respect to the z -axis, in the following subsection. Interestingly, in the case of confinement by

a vacuum interface, the formation of an apolar bilayer and a separation of ions by size inside

the liquid and away from the immediate interfacial apolar monolayer was also observed. 32

3.2 Orientational Order as a Function of distance from the Solid

A noticeably thick (∼2 nm) apolar density region separates the first and second polar regions

discussed above, we see this not only from Figs. 4 and 5 but also from the system snapshot

displayed in Fig. 2. For C[8]-mim+, in Fig. 6 we analyze the orientational order parameter

defined as the average of the first Legendre polynomial, P1(θ) where θ is the angle between

a unit vector connecting the positions of the fourth-to-last and terminal tail carbon atoms.

Results for C[8]-OSO−
3 are qualitatively similar and not shown. Along with P1(θ) we also

show in Fig. 6 polar and apolar carbon atom density profiles as well as the density profiles for

10
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Figure 5: Symmetrized density oscillations along the surface normal Z direction for the
positive, negative and apolar subcomponents of each ion. We show the symmetrized full
density profile in the inset.
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each individual carbon atom in the apolar tail of C[8]-mim+. Dashed vertical lines indicate

the first two points where P1(θ) crosses zero. In the immediate vicinity of mica, P1(θ)

is positive indicating that tails point away from the solid. Oscillatory angular orientation

occurs away from the solid and fully decays within approximately 5 nm (the function is noisy

at very low z values because there is almost no apolar tail density to average in that region).

We notice that the thick apolar region accommodates two distinct density peaks for

every non–polar carbon atom (except for terminal C).The first set of carbon density peaks

closest to the interface appear to the left of the first dashed vertical line, whereas the second

set of peaks appear to the right. Differently said, for the most part, all tails attached to

heads in the adlayer tend to point inwards towards the liquid phase whereas the second set

of individual carbon density peaks correspond to tails pointing outwards towards the solid

forming a bilayer. If we consider the behavior of P1(θ) between the solid and the second

vertical line away from the interface as a period, we can see that overall there are about

2.5 such periods beyond which both P1(θ) and the density profiles become flat and bulk

liquid–like structural behavior is recovered.

3.3 Lateral Layer Structure as a Function of Distance to the Mica

Surface

So far, our description of the interface has been done by averaging over the x and y coordi-

nates of liquid slabs to obtain distribution functions that are only z -dependent. In Fig. 7,

we show instead zone–resolved tangential radial distribution functions (TRDFs) as defined

in eqn. 1.67

gij(r) =

∑
i,j δ(r − rij)

2πrρzonedr∆z
; rij =

√
x2ij + y2ij (1)

where ρzone= Nzone/(LxLy∆z ). Each planar slab is chosen to be 0.5 nm in thickness and we

focus our discussion on specific slabs that highlight three different zones in our simulation;

the first slab corresponds to the adlayer or near–interfacial first polar peak (∼ -7.1 to -6.6

12
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nm in Fig. 4), the second slab highlights the second polar peak or sub–interfacial region (∼

-5.1 to -4.6 nm in Fig. 4) and the third slab is chosen from the bulk–like region (∼ -0.25 to

0.25 nm in Fig. 4).

Fig. 7, shows marked differences across TRDFs for the near–interfacial region when com-

pared to the sub–interfacial and bulk regions. The near–interfacial IL mixture displays solid-

like character –denoted by the repetitive and slowly decaying on-plane spatial correlations–

but both the sub–interfacial and bulk–like regions have TRDFs that look liquid-like. Whereas

the TRDFs in the sub–interfacial region and bulk–like regions look similar (but not identi-

cal), we know from Fig. 6 that the two regions must be structurally different in order for the

sub–interfacial region to accommodate the non–random orientation of tails giving rise to the

bilayer that is absent in the bulk. This begs the question of whether the small differences

observed in the TRDFs in these two regions are linked to significant differences in dynamics

and if the bulk–like region of a thin film has dynamical characteristics that can be considered

the same as proper bulk.
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0
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1
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2
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Figure 7: TRDFs for the S–S (left) and N–S (right) atomic correlations. Red, blue and green
are for the adlayer, the sub–interfacial and bulk–like regions. The slab locations are based
on the polar–apolar density profile as defined in the text of subsection 3.3.
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3.4 Dynamics of Ions in Slabs at and Away From the Interface

For ions in different layers at and away from the interface, in this section we compare

dynamical properties including the survival probability time correlation function and the

lateral mean square displacement. Since for these properties we follow the position of ionic

centers of mass, we chose our slabs based on maxima of their corresponding density profiles

shown in Fig. S.1 of the SI.

The survival probability time correlation function defined in eqn. 2,68,69 computes the

number of ions originally within a slab that remain in the slab at time t=m dt without ever

leaving.

N(mdt) =
1

Nf −m

Nsys∑
j=1

Nf−m∑
n=1

pj(n dt,mdt; dt) (2)

In our study, dt = 1 ps, n dt is the starting point in a collection of sliding windows of size m

dt, Nf is the total number of initial frames and Nsys is the total number of ions of a given

type in the system. If an ion j is inside a given slab at time n dt and remains so without

ever leaving up to time (n dt+m dt), pj(n dt,m dt;dt) is 1, otherwise it is 0. N (0) gives the

average number of ions of a given type in the slab. For ease of comparison, in Fig. 8 we

plot the normalized survival probability time correlation function N(t)/N(0) corresponding

to the fraction of ions remaining in the slab at time t.

From Fig. 8, we see that mica provides a very sticky interface, with ions from the IL

mixture remaining there for very long times without being exchanged with others from

adjacent layers. We notice that whereas distribution functions in Fig. 7 for the sub–interfacial

and bulk–like regions may be quite similar, the mobility of ions may not be.

For slabs defined in Fig. 8, Fig. 9 shows the lateral mean square displacements as defined

in eqn. 3,69

MSD(t) =
1

NIon
′ (t)

Trun−t∑
t0

NIon(t0,t)∑
j=1

[rj(t+ t0) − rj(t0)]
2 (3)

where NIon is the number of ions of a given type in the slab at t0 which remain there
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Figure 8: Normalized survival probability time correlation function in the near–intefacial
(red), sub–interfacial (blue), and bulk–like (green) regions. Solid lines represent the cations
and dashed lines represent the anions. Slab positions are chosen based on Fig. S.1 in the SI.
For C[8]-mim+ near–interfacial region (-6.7 to -6.2 nm), sub–interfacial region (-5.5 to -5.0
nm); for C[8]-OSO−

3 near–interfacial region (-6.7 to -6.2 nm), sub–interfacial region (-5.7 to
-5.2 nm); for C[2]-mim+ near–interfacial region (-7.0 to -6.5 nm), sub–interfacial region (-4.8
to -4.3 nm); for C[2]-OSO−

3 near–interfacial region (-6.9 to -6.4 nm), sub–interfacial region
(-4.9 to -4.4 nm). In all cases the bulk–like region is taken to be between (-0.25 to 0.25 nm).

uninterruptedly until t0 + t and NIon
′ (t) is defined in eqn 4.69

NIon
′ (t) =

Trun−t∑
t0

NIon(t0, t) (4)

The mean square displacements paint a picture similar to that of the survival probability

function, where ions close to mica not only stay there but also do not significantly laterally

diffuse. Notice that lateral diffusion in the sub–interfacial region is already very similar to

that in the bulk–like region in the middle of the film; this is in contrast to what we see in

the survival probability correlation function that is associated with the escape of ions in the

surface normal z direction.
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Figure 9: Lateral MSDs as computed from eqn. 3 are compared for the ions in the adlayer
(red), sub–interfacial region (blue) and bulk–like region (green). Solid lines represent the
cations and dashed lines represent the anions. Slab definitions are the same as used in Fig. 8.

3.5 How Different from Actual Bulk is the Bulk–Like Region of a

Nanoscale IL Film?

In light of recent work hinting at the possibility that –even far from interfaces– structure

and dynamical behavior could be different for ILs under confinement, we present results

for slabs each of 0.5 nm width corresponding to the center of our thin films confined by

vacuum,32 mica and actual bulk. Because of our careful equilibration protocol, we know

that the density in slabs associated with the bulk–like regions of our films match to within

a small fraction of a percent that of our bulk simulations. This is important because liquids

at different densities will have different distribution functions and transport properties.

For the three slabs, in Fig. 10 we show the tangential pair distribution function for cationic

N coupled to anionic S. Other TRDFs associated with different correlations are provided in

Figs. S.2 of the SI.

In Fig. 10, the three pair distribution functions are for practical purposes indistinguish-

able. Similar conclusions can be derived for other correlations presented in the SI. From this

we learn that, for our systems, the bulk–like region just a few nanometers away from a very
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Figure 10: For the same IL mixture, TRDFs for the N–S correlation in slabs of (1) the
unperturbed bulk phase (black), (2) the bulk–like region of a vacuum–surrounded film– 32

(red) and (3) the bulk–like region of the mica–surrounded film– (green). Please see TRDFs
for other mixture components in Figs. S.2 of the SI.

polar or a very apolar interface is structurally very similar to actual bulk.

Fig. 11 shows the normalized survival probability time correlation functions for centers of

mass of C[2]-OSO−
3 (graphs for others ions are provided in Fig. S.3 of the SI). The functions

are nearly identical indicating that movement of ions out of the bulk–like slabs occur on the

same time–scale for both films and as in actual bulk. Fig. 11 shows that roughly 80% of ions

leave the slab in about 2 ns.
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Figure 11: Comparison of the normalized survival probability time correlation functions for
identical size slabs in the bulk–like region of mica–confined IL, vacuum–confined IL32 and
actual bulk. Unperturbed bulk phase, bulk–like regions of vacuum– and mica–IL systems
are color coded in black, red and green respectively. See also Fig. S.3 in the SI.

4 Conclusions

For a film consisting of 50% C[8]-mim+/C[8]-OSO−
3 and C[2]-mim+/C[2]-OSO−

3 at the mica

interface, we find that the immediate adlayer is highly polar and that an apolar bilayer forms

contiguous to it. The polar layer adjacent to the interface results from cationic and anionic

charge group densities that are slightly displaced with respect to each other along the surface

normal direction. Both types of ions (with short and long tails) significantly contribute to

the adlayer; this is in contrast to a vacuum surrounded film for which the larger ions are the

major contributors of density at the immediate interface.

For the film confined by mica, we find that interface–induced density oscillations fade

away within a 5 nm decay correlation length giving rise to bulk–like liquid behavior. The

structure of the liquid mixture at the adlayer is reminiscent of a solid, pair distributions in

the sub–interfacial region are much more liquid–like. Yet, in this region, surface–induced

order still persists as can be appreciated from tail orientational oscillations.

When comparing the bulk–like regions in the middle of our vacuum– and mica–surrounded
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films against actual bulk simulations at the same density and temperature, we find them to

be structurally and dynamically nearly indistinguishable. We find that as a function of dis-

tance to the interface, properties that probe structure and dynamics parallel to it appear

to converge more quickly to bulk-like behavior. For example, whereas the density profiles,

the angular order parameters and the survival probability time correlation functions are sig-

nificantly different at the sub-interfacial layer when compared to the bulk, the lateral mean

square displacement curves and the tangential radial distribution functions are more similar

to those in the bulk. It is therefore possible that one may need to define a set of property–

specific interfacial decorrelation length scales. However, it would appear that all properties

converge to bulk behavior when the properly averaged z–dependent density profiles becomes

flat, or in other words on the length scale of interfacial structural decorrelation.
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