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Transfer of a Tetramethylammonium lon across the Water—Nitrobenzene Interface:
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The transfer of a tetramethylammonium ion across the water/nitrobenzene liquid/liquid interface is studied at
300 K using molecular dynamics computer simulations. The potential of mean force, calculated using two
different techniques, shows that the transfer is accompanied by a relatively small change in the free energy,
in agreement with experiments. A comparison of the potential of mean force with a continuum electrostatic
model shows reasonable agreement. The mechanism of ion transfer across the interface under conditions of
an external electric field is investigated by nonequilibrium molecular dynamics calculations. Despite the fact
that this process has only a small free energy driving force, several of the structural and dynamical characteristics
of the system during the transfer are similar to those observed in the study of the transfer of small ions with

a large free energy of transfer.

I. Introduction cells® and with the use of spectroscopic techniques to follow

lon transfer across the interface between two immiscible the ion transfets14
electrolyte solutions is a fundamental process of importance to  On the theoretical front, the main difficulties of developing
diverse fields such as pharmacoldgglectrochemistry,analyti- a quantitative theory of ion transfer are the lack of knowledge
cal chemistry, and catalysiespite a century of experimental ~ about the structure of the interface and how this structure is
and theoretical studies of this procésseveral important  affected by the presence of a finite concentration of ions. Indeed,
questions remain open. This process can be viewed as a simpl€ven the structure of the neat interface of molecular liquids is
diffusion of an ion in an inhomogeneous media or as a chemical @1 open problem in statistical mechaniesAdditionally,
reaction involving a transition between two different solvation developing theories of ion dynamics even in homogeneous
states. Despite the fact that in principle these are simple models iquids is an extremely challenging probléfit is not surprising
there is no quantitative theory that will allow one to predict the therefore that molecular dynamics and Monte Carlo computer
rate of ion transfer between the two liquids. For example, simulations which do not need to assume any underlying
although the diffusion constant of ions in bulk liquids is simply interface structure are very useful tools for elucidating the
related to the size of the idno such simple relation exists for ~mechanism of ion transfer at the liquid/liquid interface.
the rate of transfer of the ion across an interface such as the Several molecular dynamics studies of ion (and neutral solute)
one between water and nitrobenzéfgeating the ion transfer  transfer across the liquid/liquid interface have been reported in
as an activated process such as a chemical redclimalso the past few year¥;1*22 focusing mainly on the calculation
problematic. Although the transition state may be taken to be of the potential of mean force and less on the dynamics under
the ion with a mixed solvation shell, this does not provide realistic electrochemical conditions. We have previously studied
sufficient information to characterize this state quantitatively. the mechanism and dynamics of the transfer of small inorganic
In addition, this description ignores the fact that the interface ions across the water/1,2-dichloroethane interfdé@.This
location, and more generally the interface structure, probably system is characterized by a large positive free energy of transfer
depends on the location of the ions. Evidence for this comes of the ion from the aqueous to the organic phase. We concluded
from molecular dynamics simulatio®$. that the process involves a free energy barrier and that surface

There are experimental and theoretical reasons for the factroughness (capillary “waves”) in the form of “fingers” is
that neither a quantitative theory nor a satisfactory mechanisminvolved in the mechanism of the ion transfer. However, most
of ion transfer has been proposed. The liquid/liquid interface is experimental studies of ion transfer are done with larger ions,
a buried interface whose size is much smaller than the size offor which the free energy driving force is quite small. Many of
the two bulk regions. Any information about a process which these experiments are done at the water/nitrobenzene inter-
occurs at the interface must be disentangled from that comingface?3-25 whose properties are quite different from that of the
from the bulk regions. This presents several experimental water/1,2-dichloroethane interface. As a result, some of the
difficulties: For example, high bulk solution electrical resistance conclusions of the study of the transfer of small ions across the
can mask the true kinetic resistance due to the ion transfer inwater/1,2-dichloroethane interface may not be applicable to the
measurements that are based on galvanostatic or potentiostatiransfer of larger ions across the water/nitrobenzene interface.
methods. Other artifacts and difficulties are discussed exten- We have recently developed potential energy functions for
sively in the literaturé:’* As a result, values of the rate of ion the water/nitrobenzene system and studied the structure and
transfer seem to depend on the technique used to measure thendynamics of the interface by molecular dynamics computer
However, this situation has been improving in recent years with simulations. We have found that, in general, despite the
advances in the design of microelectrdd@emd electrochemical  relatively large dielectric constant of the nitrobenzeae<(
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TABLE 1: Lennard-Jones Parameters, and Partial Charges sphere (for each atom) in which a fixed point charge is
for Water, Nitrobenzene, and Tetramethylamoniuum embedded. The parameters for this potential have been devel-
atom oA € (kJ/mol) Q (au) oped earliel and are given in Table 1. They were selected to
C (bonded to N@ 3.206 0.4184 0.150 reproqluce the experir_’nental dipole moment and _the e_nthalpy of
C (ortho) 3.296 0.4184 —0.050 vaporization of the liquid (55 kJ/mol). They give rise to a
C (meta) 3.296 0.4184 —0.150 diffusion constant = 1.3 x 10° m#s) and a dielectric
C (para) 3.296 0.4184 —0.050 constant § = 42) that are in reasonable agreement with
’C\I)((Ni?rz())) %3% 88%;2 _0'03?(5),0 experimental dat& For the intramolecular potential we use
H (ortho) 5744 0.0335 0.100 harr_nomc bo_nd-stretchlng_ and angle-bendlng_, and standard
H (meta) 2744 0.0335 0.100 torsional and improper torsional terms. The wateitrobenzene
H (para) 2.744 0.0335 0.100 interaction potential is also described using Coulomb plus
O (water) 3.165 0.6502 —0.820 Lennard-Jones terms with parameters that are determined using
(H: ISZV?THI?/?A) 309%%0 Ooé%%O?O 00-2‘:3100 the combination rule for mixtureé®.The use of this approxima-
N (TMA) 3800 0.2092 0.000 tion for the water-nitrobenzene interaction potential is justified

by the fact that the comput&{28 erg/cm) and experiment&t

38.42), many of the properties of its neat interface with water (25 erg/ cn%_) surface tension for this system agree quite well.
are similar to those of other water/nonpolar organic liquids. In More (_:Ietalls about the nitrobenzene and watetrobenzene
particular, on the nanometer-length scale, the interface shouldpOtentIaIS can be found elsewhéfe.
be thought of as a sharp and rough transition between the bulk  The tetramethylammonium ion is modeled as a five-center
of the two liquids. (Very recent X-ray reflectivity studies provide molecule (we use a united atom description of the;@kbup).
direct experimental evidence that immiscible water/organic The intermolecular interactions are described using the Lennard-
liquid interfaces are indeed molecularly shafpln this paper, Jones plus Coulomb potential whose parameters were selected
we present a study of the equilibrium and nonequilibrium to reproduce the hydration enthalpy of this ion (véfue —455
transfer of a relatively large organic ion, tetramethylammonium kJ/mol). These parameters are also given in Table 1. The ion is
((CHs)aN*, TMA), across the water/nitrobenzene interface. The fully flexible with an intramolecular potential that includes-®
main result of the equilibrium calculations is the free energy harmonic stretching and-€N—C harmonic bending terms with
profile for the ion transfer, which shows very little driving force  the corresponding force constants and equilibrium bond-length
(small free energy of transfer), in agreement with experiments. and bond-angles taken from the Amber force fiéld.
The nonequilibrium calculations involve driving the ion across 2. System Description and Other Simulation DetailsThe
the interface under the influence of an external electric field. simulated system includes one TMA ion, 986 water molecules
The main result here is that the process of ion transfer involves and 252 nitrobenzene molecules in a box of cross section 31.99
a significant roughening of the interface and the existence of A x 31.29 A. The interface between the two liquids is
fingerlike structures despite the fact that the free energy of perpendicular to the long axis of the box (which is taken to be
transfer is very small. However, one important difference the Z-direction) and on average is locatedZat= 0. The total
between this system and the transfer of small ions is that in the thickness of the slab along ti&axis is approximately 80 A.
latter case the ion keeps its hydration shell when it is transferred However, the length of the simulation box along theaxis is
from the aqueous to the organic phase (at least on the simulationchosen to be long enough to avoid a second liquid/liquid
time scale of a few nanoseconds), whereas in the present systenmterface. Thus, the geometry of the system is such that a single
the ion is able to shed its solvation shell during the transfer liquid/liquid interface is flanked between two bulk liquid
process. regions, each of which is at equilibrium with its own vapor.

The rest of the paper is organized as follows: In section Il, Note that, although periodic boundary conditions in e
we describe the potential energy functions, the methodology direction are enforced, during the simulation time scale of a
for computing the potential of mean force, and the simulation few hundred picoseconds (see below), no mixing of the two
parameters. In section lll, we discuss the results, including the vapor phases takes place. Other choices of simulation geometries
potential of mean force, equilibrium structure, and the dynamics and connections with statistical mechanical ensembles are
of the ion transfer. We conclude in section IV with a summary discussed elsewhef&.

of the main results. The system is prepared by first equilibrating the neat interface
and then introducing the ion in different locations. For the
Il. Methods equilibrium mean force calculations, the ion is introduced into

1. Potential Energy Functions.We use the flexible simple  different locations and the data are collected after an equilibrium
point charge (SPC) modélfor the water potential. In this ~ Period long enough to give a stable value for the-itiquids
model, each water molecule is represented by a Lennard-Jonedteraction energy (see below), typically a few tens of picosec-
sphere in which three point charges are embedded at the locatiorPnds. The nonequilibrium calculations are initiated by placing
of the oxygen and the hydrogens atoms. The Lennard-Jonesthe ion in either of the two bulk phases. After a 50 ps
parameters and the Charges (given in Table 1) are selected t@quilibration, a fixed external electric field is applled in the
reproduce a number of the experimental properties of water. Z-direction in order to drive the ion from one bulk phase to the
The relative location of the charges is allowed to change Other. Using the opposite field polarity allows us to investigate
according to an intramolecular potential selected to reproduce the reverse process. All the calculations are done at a temper-
the vibrational spectra of the gas phase water moleéulis ature of T = 300 K using the velocity version of the Verlet
model of water has been used in a number of molecular algorithn?’ with a time step of 0.5 fs.
dynamics simulations of bulk and interfacial water and of = The proper handling of the long-range forces in simulations
aqueous solution?. of polar systems is of particular concern in the study of charged

The nitrobenzene intermolecular potential is an empirically solutes, and the Ewald summation methdths been used with
derived, all-atoms model also represented by a Lennard-Jonesome success in the study of ions in bulk liquigis© It is not
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7% M. 5 s these calculations is 1 kJ/mol in the interface region (the error
o . is somewhat smaller in the regions outside the 12 A interface
region), we conclude that the two methods give consistent
results. The potential of mean force is monotonically decreasing
as the TMA is transferred from nitrobenzene to water. The free
energy of transfer is 3 1 kJ/mol, in good agreement with
experiments. The bottom panel of Figure 1 shows the density
profile of the two liquids in the system where the equilibrium
calculations are done. Clearly, the change in the potential of
mean force is mainly limited to the region where the density of
the two liquids is varying. An examination of the structure of
the solvation complex in this region shows that it is made up
of a mixture of the two solvent molecules, as will be discussed
below. This situation is somewhat different from the case of
. ] the transfer of small inorganic ioHs'8 such as Na and Cr.

0 10 10 30 There, the potential of mean force varies by a larger amount
Z(A) and over a distance that extends beyond the region where the

Figure 1. (Top panel) The potential of mean force for the transfer of density of the liquid varies, reflecting the stronger and longer-

TMA across the water-nitrobenzene interface: (solid line) calculated ange interactions between the water and the small ion.
using the solute location distribution function; (dotted line) calculated However, other characteristics of the transfer process discussed

using the integral of the average force on the ion; (dashed line) results helow show some similarity to those of the transfer of small
of a continuum electrostatic model (eq 3). (Bottom panel) Density jgns.

pro_files of water and nitrqbenzene showing the liquid/liquid interface It is interesting to compare the above results to a continuum
region where the solute is located. . - . .
electrostatic model of the free energy profile. This profile has

clear that the use of this method at liquid interfaces is justified been calculated by Ulstrup and Kharkétfor the transfer of a

because the artificial duplication of the inhomogeneous charge Point chargej embedded in a spherical cavity of radiusThe

distribution may give rise to certain artifattgsuch as interac- ~ interface is modeled as a mathematically sharp boundary

tions between the two surfaces generated by the periodicSeparating two bulk media of dielectric constantande. The

boundary conditions). Because we are interested here in the€Xpression for the case where the center of the cavity is in

difference in the ion solvation free energy between two points Mmedium I is given by

that are close in space, we do not expect that long-range forces 5 )

will significantly contribute to the system studied here. This AX = 1) :% [1 n i+f_( 2 i 1 | 2X + 1)
|

A(k)/mol)

15

o =
w [==)

e ¢
=

density (gr cm_3)

=In—7—
was confirmed by estimating the contribution of the long-range 2 4\1—(2x* X -1

forces by using the reaction field methtd. 2 2
3. Potential of Mean Force We use two different techniqgues A0 <x<1)= 4€q_ 1+x+2—xf+ 5
to compute the potential of mean force for the transfer of TMA i
across the water/nitrobenzene interface. Both techniques involve ((1 +x)(1 — 2x) n 1 In(L+ ZX)) N [ 260 |
dividing the interval along the normal to the interface into 1+ 2% % e,r\e, + ¢,

overlapping slabs of thickne8 A and computing, as a function
of the locationz of the ion (along the interface normal), the X (3)
average totak-component of force on the ioR(z) and the
probability distribution of the ion locatioR(2). The free energy
profile is computed from the position probability distribution
by combining together the free energy profiles calculated in
the individual slabs

wherex = h/r, his the distance from the interface, ahet (¢
— en)l(e + «). A similar expression is obtained when the ion
is in the second medium by interchangin@nde,. The profile
calculated using this formula and the dielectric constants of the
two liquidse; = 80 (water) and; = 42 (nitrobenzene is given

- _ as a dashed line in the top panel of Figure 1. The agreement is
A RTIn Py(2) @) quite reasonable. In particular, the free energy of transfer
compares favorably with experiments and with the MD results,

where P,(2) is the probability distribution in thenth slab. HATE
and is given by

Alternatively, the free energy profile is the integral of the
average force:

(1 1
2 = AANater—'nitrobenzene= %. (_ - —) = 2.9 kJ/mol
Az) - Az) = - [, F(2) dz @)

1€

It is interesting to note that, in general, continuum electrostatic
These methods have been used to compute the free energyy o iations of interfacial free energy are not found to be in

profile for neutral solutes and ions in a large number of o antitative agreement with simulatiolsin particular, the
interfacial systems. Mor'e details and an extensive |I§t of potential of mean force for small ions across the wafe-
references can be found in several recent review artiéfés dichloroethane interfadgand at the water liquid/vapor inter-
face’>*%is in poor agreement with simulations. While the whole
guestion of testing continuum models at interfaces is very much
1. Potential of Mean Force and Equilibrium Structure. open, one should point out two major differences between the
The top panel of Figure 1 presents the results of the potential current system and those mentioned above. First, the TMA ion
of mean force calculations using the two different techniques is much bigger and, thus, continuum solvent models should in
discussed above. Since our estimate for the statistical error ingeneral work bettet” Second, the dielectric constants of water

I1l. Results and Discussion
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Figure 3. Dynamics of TMA ion transfer from nitrobenzene to water
. T . . (top panel) and from water to nitrobenzene (bottom panel). In each
Figure 2. TMA —solvent radial distribution functions vs the location panel the location of the ion along the interface norrlig labeled

U (kJ/mol)

35
150 200

of the TMA along the interface normal: (A) nitrogeif MA/oxygen “z” and is shown on the right axis. The TM#Asolvent interaction
water correlation functions; (B) nitrogeffMA/oxygen nitrobenzene  gnergies are labeled “w” and “n” for the interaction with water and
correlation functions. nitrobenzene, respectively. (left axis)

and nitrobenzene are much closer to each other than those of S . .

water and the second phase in the water/vapor and water/1,2- 2. N_om_equmbnum lon 'I_'ransfer Calculatlor_ls. Typical
dichloroethane systems. As a result, the image effects at the!nterfaual ion transfer experiments, such as cyclic voltammetgry,
sharp boundary in the continuum model are less pronounced in|nvolve the measurement of the steady-state current of ions

the current system. These image effects are known to Overes_produced when an external electric field is applied across the

timate the energetics at short distances from the intefface liquid/liquid interface. The magnitude of the potential difference
The equilibrium calculations that provide the data for the used in ‘h?se experiments Is on the order of a fewl volts. S!nce

potential of mean force calculations enable us to study the the potential Chaf‘ge. IS m‘?"“'y limited to the polanz_ed region

structure of the TMA solvation complex. One way to examine of the system, which is the interface region, the resulting electric

the structure of this complex is to calculate the TMgolvent {:ﬁldorigﬁtngtahrtIf)fotr;]ethsetugrd?); Snot.ga;‘eyl rAnécThr;Jnsiic,rsnan d
atomic pair correlation functiongas(r,z.,zs), which give the portant p y of. . h .
probability of finding the atonf located at a distanczg along dynar_m_cs by molecular dynamics S|mul_a_t|ons must involve
the interface normal and at a distancérom a solute atom exammmg the transfe_r under these conqlltlons. ) )
located a distanca, along the interface normal. Because this ' reality, the potential drop across the interface is established
four-dimensional object is too detailed to display (or calculate!), by a nonequilibrium ionic distribution in the double layer. Since
we typically show the results averaged over the locatpof a molecular dynamics study of a finite concentration of ions in
the solvent atom, with a rather coarse binning of the location & réalistic model of molecular liquids at interfaces is not yet
Z,. This provides a “bulklike” radial distribution functiogys- feasible, our approach to the inclusion of the external field of
(r;z,) for the ions in different slabs relative to the interface. SUreNgthE; is to add a constant force of magnitude, along
Figure 2 shows the radial distribution for the nitrogen of the the direction normal to the interface on each atom of charge
TMA cation (@ = N) and either the oxygen of wate (= The calculations involve starting from a single ion in the bulk
O(H,0), panel A) or the oxygen of nitrobenzeng & phase far enough from the interface (15 A) that no appreciable
O(PhNQ), panel B). Other atoms of the nitrobenzene can be interaction with the second phase exists. The external field
used with results that provide similar insight to what is discussed POlarity is selected so that the positively charged TMA ion
below. We choose to focus on the oxygen of the nitrobenzene Moves toward the other phase. The trajectory is stopped when
because it provides the most detailed structure. Note that in bulkthe ion reaches the bulk of the other phase (about 200 ps). This
nitrobenzene, the oxygen of the solvent points toward the TMA 1S repeated 20 times, starting from an independent initial
cation. position. The calculations are done for both the water
The most significant feature of the data in Figure 2 is that Nitrobenzene and the nitrobenzene water transfer. The
the change in the equilibrium solvation structure is quite abrupt strength of the electric field is 0.05 V/A in all of the calculations

and limited to a region a few angstroms wide. For example, "€Ported below.

the water-TMAQqs(r;z,) is almost constant up & < —5 (recall The results of all of the above calculations are summarized
that the water slab is in the regian< 0), the main peak is  in Figure 3, where the average interaction energy of TMA with
down to 50% of the bulk value near the Gibbs surface 0), each liquid is shown as a function of time together with the

and it is virtually zero forz, > 5. There is a corresponding average location of the ion. We show the averages rather than
parallel increase in the nitrobenzeriBMA correlation over a the distributions because the spread in the results is not very
similar length scale. This is consistent with a gradual exchange big, and the distributions are too noisy to be useful other than

of the TMA solvation shell over a distance of 1 nm. Of course to show the general trend.

this change in structure is mirrored in other properties such as We first consider the rate of the ion transfer across the

the ion—solvent interaction energy. This will be discussed below interface. By this we simply mean the average drift speed of

when we compare the equilibrium situation with the nonequi- the ion, which can be calculated from the slope of the average
librium results. location of the ion as a function of time. From the overall
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distance traveled in the 200 ps time interval we determine that
Vrb—w ~ [16.0—(—8.0)] A/200 ps= 0.12 A/ps (top panel) and
Pw—nb ~ [13.5—(—13.0)] A/200 ps= 0.13 A/ps (bottom panel),

so that the transfer rate is almost the same for the two directions,
and there is no significant slowing down as the ion crosses the
interface relative to the motion in the bulk phases. A closer
examination of the curves shows that when the ion starts in the
organic phase (top panel) its average drift speegyse 0.20
Alps, and its final value when it is in the water phas@js~

0.14 A/ps. Similar results are obtained from the bottom panel,
where the ion starts at a higher spegd~ 0.19 A/ps when it

is in the water phase and slows down by almost a factor of 2
when it is in the organic phase. These numbers are in complete
agreement with a simple continuum model of ion mobility,
taking into account the higher viscosity of nitrobenzene<(
1.795x 1073 Pas)) than that of waterf= 0.890 x 1073 Pa

s, experimental valuésat 298 K). We can estimate what the
drift speed of the ion in the bulk of each liquid should be from
the Stokes-Einstein law which is a reasonable approximation
for an ion such as TMA. At steady state, the frictional fofce
= 6zyrv on the ion of radius moving at a speed balances

-1 -5 5 15 25
Z(A)

Figure 4. TMA —water (top panel) and TMAnitrobenzene (bottom
panel) interaction energy as a function of the location of TMA along
the interface normal. In each panel the solid line is the result of the
equilibrium calculations, the dotted line is obtained from the data during
the transfer of TMA from nitrobenzene to water and the dashed line
corresponds to the transfer of TMA from water to nitrobenzene.

the electrical forcgE,, and so
of their hydration shell (on the simulation time scale), but it is
v = qE/6myp (4) interesting to note that these deformations appear here despite
the fact that the ion does not keep a hydration shell. In fact, in
Substituting the above values of the viscosity, the radius of the one trajectory in which the TMA is transferred from water to

ion r = 2.74 (half the CN bond length plus half the methyl
Lennard-Jones parameter) afd= 0.05 V/A givesw, ~ 0.17
Alps andvn, ~ 0.09 A/ps, in excellent agreement with the
molecular dynamics results.

nitrobenzene, the ion manages to ge#Zte= 25 A during the
200 ps time interval, and by then the interaction with water
indeed decays to zero. Examination of the structure of the liquid
interface shows that the interface roughness returns to “normal’

Figure 3 also presents the average interaction energy of thevalues.
ion with each of the two liquids during the transfer process. In A simple way to demonstrate the fact that the ion does not
both panels, the ion starts with the bulk value of the interaction keep a hydration shell is depicted in Figure 4, where the
energy with one of the liquids (which is nea400 kJ/mol in interaction energy of the TMA ion with water (top panel) and
both cases) and with zero interaction energy with the other with nitrobenzene (bottom panel) are plotted as a function of
liquid. As the TMA ion moves from the water to the nitroben- the location of the ion for the equilibrium calculations (solid
zene (bottom panel), its interaction energy with the water lines) and for the two nonequilibrium transfer calculations. The
molecules begins to decrease (absolute values) and, simultatop panel shows that the interaction of TMA with water during
neously, its interaction energy with the nitrobenzene begins to the transfer of TMA into nitrobenzene (dashed line) varies more
rise after about 50 ps. However, the lag time before there areslowly (as a function of Z) than the equilibrium TMAwater
changes in the interaction energies for the transfer from interaction, and the same occurs during the reverse process
nitrobenzene to water (top panel) is twice as long. This simply (buildup of water-TMA interaction). The bottom panel shows
reflects the slower motion of the ion in the organic phase, as the same effect for the TMAnitrobenzene interactions. This
elaborated above. corresponds to a delay in the switching of the solvation shell,

The most important feature of Figure 3 is the following: which occurs farther along the “reaction coordinate” than the
Although after 200 ps the ion is supposedly transferred from point indicated by the equilibrium calculations. For examgle,
one phase to the other, the interaction energy with both liquids ~ 0 is the location where the TMA solvation shell is 50% water
is still quite substantiatnear 50% of the bulk value. Thus, for and 50% nitrobenzene from the equilibrium calculations. It is
example, as the ion crosses from the organic to the water phaseat 9 A when the ion leaves the water phase (thd A inside
the interaction with nitrobenzene weakens from ned00 kJ/ the organic phase) and & A when the ion leaves the organic
mol to near—200 kJ/mol, while the interaction with water goes phase.
from 0 to —200 kJ/mol when the ion is & = —13 A (top Further support for the delay in the switching of the solvation
panel). The bottom panel shows, however, that at this value of shell structure is given in Figure 5, which shows the time-
Z the ion is fully solvated by water. This extreme hysteresis dependent TMA-water and TMA-nitrobenzene radial distribu-
suggests that as the ion crosses the interface from liquid A totion functions. The top panels give the oxygen(water)
B, a significant roughening of the interface occurs which enables nitrogen(TMA) atomic distributions for the transfer of TMA
the ion to keep strong contact with molecules of liquid A. This from water to nitrobenzene (panel A) and for the transfer of
is confirmed by observation of actual simulation configurations. TMA from nitrobenzene to water (panel B). Panel A shows
However, an examination of the trajectories shows that the ion that the main change in the radial distribution function is a linear
does not keep a hydration shell as it transfers from water to decrease in the height of the first and second peaks of the
nitrobenzene (or vice verse), but rather creates a fingerlike distribution, without a change in the peaks’ locations. This is
deformation in the interface. These interface deformations are consistent with a gradual change in the hydration number. The
found to be much more dramatic and longer-lived in the case much slower buildup of the distribution in the case of the transfer
of the transfer of small ions from the water to the organic (1,2- from nitrobenzene to water (panel B) is consistent with the
dichloroethane) phasé°where the ions are found to keep part above-mentioned delay in the switching of the solvation shell.
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