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An analysis of the molecular dynamics of ethanol solvated by water molecules in the absence and pres-
ence of the Pt (1 1 1) surface has been performed using DL_POLY version 2.19. The structure and diffusion
properties of an ethanol–water system have been studied at various temperatures from 250 to 350 K. We
have measured the self-diffusion coefficients of a 50:50% ethanol–water system; in the absence of a Pt
surface our results have shown an excellent agreement with the experimental data (within an error of
7.4%). The enhancement of self-diffusion coefficients with the inclusion of the Pt (1 1 1) surface has been
observed and estimated. Graphs of radial distribution functions (RDF) have been built; RDF correlations
with the self-diffusion coefficients of both ethanol and water molecules are also illustrated.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, there has been a great interest in studying the
chemical and physical properties of ethanol on a Pt surface, as eth-
anol is one of the most important renewable fuels [1]. The intensive
utilization of fossil fuels has led to an increase in the generation of
polluting gases released into the atmosphere, which has caused
changes in the global climate. The solution to this problematic issue
depends on how the development and implementation of technol-
ogies based on alternative sources of energy will be undertaken.
Among the renewable energy resources, ethanol (ethyl alcohol, bio-
ethanol) is the most practical liquid biofuel – both as a fuel and a
gasoline enhancer. It is not toxic, does not contaminate water
sources [2], and can be produced in large quantities from agricul-
tural products or biomass, which will not change the natural bal-
ance of carbon dioxide in the atmosphere in contrast to the use of
fossil fuels [3].

Ethanol has been considered in recent years, and it has a lot of
applications. The most popular application is fuels because of a de-
crease in the available petroleum resources. For ethanol to be a
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fuel, the water content in ethanol should be less than 1.3% [4],
which is hard to reach by crystallization. Pervaporation separation
is a valuable method that can save money, and therefore much re-
search is focused on it. Direct ethanol fuel cells (DEFCs) are another
important application for the conversion of chemical energy to
electricity [5,6]. Water and ethanol can be used not only in fuels,
but also in other applications, such as being a solvent to accelerate
the aging of some polymeric materials [7] and being used in com-
mercial cooling systems because of their good thermophysical and
technological characteristics [8]. An alcohol-water mixture often
shows quite different properties than the corresponding pure com-
ponents. Of particular interest are the structure and diffusion prop-
erties, which play important roles in the theoretical study and
technological applications involving mass transfer [9]. In addition,
from a microscopic viewpoint, the knowledge of solution structure
behavior is very fundamental to understanding and elucidating the
mixture diffusion phenomenon.

Molecular dynamics simulation is a powerful tool in investigat-
ing the structure properties of solutions at the molecular level, and
it has been widely used to study aqueous solutions [10,11]. Metal
surfaces are often used in the synthesis of oxygen containing
compounds, such as alcohols, and in the degradation of these oxy-
gen-containing compounds, where carbon–carbon (C–C) and
carbon–oxygen (C–O) bond formation and breakage are the ele-
mentary steps in this type of process, and the metal surface plays
a primary role in the efficiency and selectivity of these steps
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[12]. Platinum is the most known catalyst for the oxidation of such
molecule. It is known to activate the dissociative adsorption of eth-
anol at an appreciable rate [13]. Thus, studying the adsorption of
ethanol on a platinum surface can give more information on the
kinetics of this process. Molecular dynamics (MD) simulation is
one of the most important computational tools to study the li-
quid–surface interaction. At a high temporal resolution, MD pro-
cesses may provide information on the dynamics of the system
and the events which take place on the surface within a few pico-
seconds [14]. The application of molecular dynamics to liquids or
solvent–solute systems allows the computation of properties such
as diffusion coefficients or radial distribution functions for use in
statistical mechanical treatments [15].

Few researches were performed on ethanol–water surface. C.
Zhang and X. Yang studied the structure behavior and diffusion
properties for an ethanol–water solution and investigated the con-
centration dependence of properties [9]. Wang Yao-Chun et al.
used MD simulation to investigate the behavior of pure water mol-
ecules, ethanol molecules, and water–ethanol mixture with vari-
ous weight fractions inside Au nanotubes [7]. Miyabe and
Takeuchi estimated the surface diffusion coefficient in the liquid
phase adsorption using a restricted diffusion model, where the dif-
fusion coefficient is correlated with the molecular diffusivity by
considering an energy restriction due to adsorptive interaction be-
tween adsorbates and adsorbents [16]. Cooke et al. studied the
interface between the f10 �14g surface of calcite and pure ethanol,
pure water, and 50:50 mixture (by amount) of water and ethanol
[17].

To the best of our knowledge, little is known from literature
surveys about the interesting ethanol–water interactions in the
presence of Pt surfaces. In the present work, using the MD method,
we have simulated ethanol–water system in the absence and pres-
ence of a platinum surface through a wide temperature range –
from 250 to 350 K – and calculated self-diffusion coefficients. The
enhancement of the self-diffusion coefficients of both water and
ethanol molecules correlating with the ethanol–water structure
has been well established in the presence of a Pt surface.
2. Simulation method

We have studied the molecular dynamics of a water–ethanol
solution system in the absence and presence of a platinum surface
using the DL_POLY 2.19 code, which was developed by the Molec-
ular Simulation Group at the Daresbury Laboratory (England) with
the support of the Research Council for the Engineering and Phys-
ical Sciences (project CCP5 of the simulation of condensed phases).
DL_POLY is a general-purpose MD simulation package developed
by W. Smith, T.P. Forester and I.T. Todorov [18,19].
2.1. Simulation details

Ethanol and water molecules are described using the force field
from the DL_POLY database [18,19], where bonding, angular, and
dihedral parameters are incorporated into standard molecular
mechanics potentials. All nonbonding interactions are accounted
for via Lennard–Jones (LJ) potentials and Coulombic interactions
based on the partial charges associated in each atom. For water,
the SPC model is used. The computer simulations have been per-
formed for a MD cell of a volume V = (54.92, 54.92, 63.8) Å3 under
the energy and temperature control at T = 298 K and other temper-
atures. Starting with a 50:50 (by molecules) water–ethanol solu-
tion, with a corresponding density of 0.78 g/cm3 and 588 Pt4

molecules of 2352 atoms, the total number of atoms in the system
was N = 16,176; the chemical bonds are constrained within a flex-
ible bond with a length of 1 Å. The integration of the equations of
motion was performed using the Verlet integration scheme in qua-
ternion. The integration step was 1 fs (femtosecond); a microca-
nonical (nvt) ensemble was used for the simulated system, and
the Nose–Hoover algorithm was employed to keep the desired
temperature. The intermolecular chemical bonds were estimated
on the basis of the Shake algorithm with an accuracy of 10�8.
The Ewald summation with a convergence parameter of 10�6

was used for the calculation of electrostatics forces in the periodic
system [18,19]. The total number of steps was 100,000 for each
temperature, and all simulations were periodic in three
dimensions.

The configuration energy of the molecular model is represented
as a sum of the energies of the bonding (Eval) and non-bonding
(Enb) interactions:

E ¼ Eval þ Enb ð1Þ

The energy of the valence (bonding) interactions Eval is given by
the following formula:

Eval ¼ Ebond þ Eang þ Edih þ Eteth; ð2Þ

where Ebond is the energy of chemical bonds, Eang is the energy of
angular bonds, Edih is the energy of dihedral bonds, and Etether is
tether energy.

The energy of the non-valence (non-bonded) interactions is a
sum of the energies of the van-der-Waals (vdW), electrostatics
(Coulomb), and hydrogen bonds:

Enb ¼ EVdW þ Ecoul ð3Þ

During the MD simulations, the following potential types,
which represent the topology of the molecular field for an etha-
nol–water system, were used [19]:

Harmonic bond potential : UðrijÞ ¼
1
2
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Harmonic bond angle : UðhijkÞ ¼
1
2
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Quartic tether potential : UðrijÞ ¼
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The tether potential suggests that the momentum wills no long-
er be a conserved quantity of the simulation. The force on the atom
‘‘i’’ arising from the tether potential is obtained using the general
formula:

Fj ¼ �
1
ri0

o

ori0
Uðri0Þ

� �
ri0 ð10Þ

where rij is the size parameter, eij the energy parameter, rij =
(ri + rj)/2 and eij ¼

ffiffiffiffiffiffiffieiej
p

, qi is the charge of site i and rij the distance
between sites i and j. We choose the values of k = 0.2 and k0 = 0.4 to
avoid the destruction of our surface during heating and annealing
processes.

Water was represented by the constrained OW–HW bond po-
tential; thus a SPC model was used. Tables 1 and 2 contain bond
lengths and intermolecular Lennard–Jones parameters for ethanol,



Table 1
Bond lengths in the ethanol molecules; for the
water the OW–HW bond constrained on 1 Å.

Bond K (kcal mol�1 Å�2) L (Å)

C1–C2 222 1.52
C–H 309 1.11
C1–Oe 428 1.42
Oe–He 545 0.94

K. Kholmurodov et al. / Chemical Physics 402 (2012) 41–47 43
water molecules, and a Pt surface respectively. An organic force
field used to describe the ethanol molecules is presented in Table 3.
As it was mentioned above for the organic force field in describing
the ethanol molecule both dl-field and dl-poly data bases were em-
ployed as references, where the ethanol force field data are already
fitted and tabulated in these data bases. Generally, the ethanol and
organic force fields are also accessible from the CHARMM database.
For more detailed information about the interaction potentials of
the ethanol and other organic molecules we refer the readers to
the CHARMM c36b1 Documentation [20,21]. The CHARMM force
field parameters were derived from quantum mechanical calcula-
tions; it is worth noting that CHARMM was also ported to other
force field formats and widely used by AMBER, GROMACS, and
DL_POLY general-purpose MD simulation programs. These force
fields reflect the most prominent improvements with the adjust-
ment and reparameterization of charges, dihedral angle parame-
ters, and so on [22–24]. In a great number of studies, the force
fields have been shown to well reproduce the experimental values
of hydration enthalpy, entropy, heat capacity, etc., and therefore
they have been used for the adsorption of solutes from the bulk
solutions to metal surfaces or aqueous environments. The model-
ing of the water–metal and organics–metal systems (such as water,
benzene, phenol, aminoacids on the Pt (1 1 1), Au (1 1 1), Ni (1 1 1),
etc. surfaces) demonstrates that the above mentioned force fields
satisfactory describe the surface–organic and surface–water inter-
actions, including the behavior of the interfaces as well (for some
examples we refer the readers to [22–33]).
2.2. Metal potential

DL_POLY_2 includes density-dependent potentials suitable for
calculating the properties of metals. One of the potentials used in
Table 2
Intermolecular Lennard–Jones parameters for ethanol, water, and the Pt (1 1 1) surface.

Group e

C–C 0
C–H 0
C1–Oe 0
H–H 0
H–O 0
Oe–Oe 0
C–Pt 0
Oe–Pt 0
C–OW 0
Oe–OW 0
OW–OW 0
our MD simulation is the one described by Sutton and Chen
(SC or st-ch) [34]:

U ¼
X
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Ui; ð11Þ
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Here qi is a density-like term for atom i:

qi ¼
X
j–i

a
rij

� �m

: ð13Þ

Here the potential has three dimensionless parameters adjustable
for the material. They are c, n, and m, and can be chosen for various
materials, especially metals. The variable e sets the energy scale; a
is the lattice constant. Table 4 contains the SC potential parameters
used for Pt surface.

2.3. Metal surface

The metallic substrate used was cubic Pt, which has the formula
Pt4; in this case we have four atoms for one unit cell in the face-
centered-cubic structure and (1 1 1) surface. Pt (1 1 1) surface
was arranged in six layers numbering a total of 2352 atoms. The
surface area was 60.38 Å2; and the lattice constant was a = 3.923
Å. All the parameters of platinum were taken from EIM databases
and datasets website supported by the Russian Foundation for
Basic Research [35]. Our Pt (1 1 1) surface has the characteristics
described by us z = 4 and symmetry Fm3 m [36].

3. Results and discussion

Fig.1 shows a snapshot for an equilibrated state of a water–
ethanol–Pt (1 1 1) system with a total of N = 2954 molecules;
two ethanol and two water molecules are shown separately.

From the MD simulation results, we first estimated the self-
diffusion coefficient D for both ethanol and water molecules. We
measured D in the absence and presence of a Pt surface. The diffu-
sion coefficient D was estimated for a 50:50% ethanol–water
solution at 298 K in the absence of Pt (1 1 1), and the results
were compared with those of experimental [9] and other MD
/k (kcal mol�1) r (Å)

.12 3.30

.00 2.54

.16 3.08

.00 1.78

.00 2.32

.20 2.85

.94 2.90

.92 2.70

.14 3.43

.18 3.20

.22 3.17



Table 3
The potential parameters used for ethanol molecules.

Bond Harmonic bond potential = K(rij � r0)2/2

K (kcal mol–1 Å) r0 (Å)

C1–C2 222 1.52
C–H 309 1.11
C1–Oe 428 1.42
Oe–He 545 0.94

Group Angular potential = K(hijk � h0)2/2

K (kcal mol–1 rad–2) h0 (�)

H1–C1–Oe 45.90 109.44
H1–C1–C2 34.60 109.46
H1–C1–H1 35.50 120.00
Oe–C1–C2 75.70 109.00
He–Oe–C1 57.50 109.50
H2–C2–H2 35.50 109.50
H2–C2–C1 34.60 109.46

Group Dihedral potential = K(/ijkn � /0)2/2

K (kcal mol–1) u0 (�)

C2–C1–Oe–He 1.30 180
H12–C1–Oe–He 0.14 60
H11–C1–Oe–He 0.14 –60
Oe–C1–C2–H21 0.16 180
Oe–C1–C2–H22 0.16 60
Oe–C1–C2–H23 0.16 –60
H11–C1–C2–H21 0.16 –60
H11–C1–C2–H22 0.16 180
H11–C1–C2–H23 0.16 60
H12–C1–C2–H21 0.16 60
H12–C1–C2–H22 0.16 –60
H13–C1–C2–H23 0.16 –180

Table 4
The Sutton–Chen (st–ch) potential parameters of platinum.

e (kcal mol�1) a (Å) N M c

0.226 3.92 11.0 7.0 71.336

Fig. 1. Snapshot of an ethanol–water–Pt (1 1 1) system at 298 K which consists of
1152 ethanol, 1152 water, and 588 Pt4 molecules containing a total of 16,176 atoms
in a volume V = (54.92, 54.92, 63.801) Å3. The Pt surface shown in the figure seems
to be that of an amorphous solid as the thermal vibrations will slightly displace the
Pt atoms from their mean equilibrium positions.
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simulations [37,38]. The diffusion coefficient of ethanol molecules
De derived from [37] was ranged from 0.98 to 1.0 � 10�9 m2 s�1.
The experimental De, at the same conditions as in our simulations,
was 0.7 � 10�9 m2 s�1; from our simulation, we have obtained De

to be 0.65 � 10�9 m2 s�1, which is in agreement with experimental
results with accuracy of 7.4%. At the same time, the self-diffusion
coefficient of water Dw is 1.5 � 10�9 m2 s�1

, which is in good agree-
ment with the results of [38], but it is still higher than the exper-
imental one: 0.88 � 10�9 m2 s�1 [9].

Concerning the presence of the Pt (1 1 1) surface, no data are
available in the literature: apparently, there has been neither sim-
ulation nor experimental research. In our MD simulations, the dif-
fusion coefficients, De and Dw, of both water and ethanol are
increased in comparison with the results obtained in the absence
of the Pt (1 1 1) surface. De reaches 1.07 � 10�9 m2 s�1 and Dw

reaches 2.1 x 10�9 m2 s�1, which indicates that the presence of
the Pt (1 1 1) surface essentially influences the mobility of the eth-
anol and water molecules. The ethanol and water molecules form
an adsorption layer on the Pt (1 1 1) surface. So, we observe com-
petition between the adsorption and diffusion processes while
molecules reach the metal surface; the surface and bulk molecules
behave differently. It is worth to mention that our model deals
with 50:50 ethanol–water systems and it is well known that the
diffusion coefficient of the water–ethanol mixture depends on
their composition [39].

Next, in Fig. 2 we present the self-diffusion coefficients for
water (a) and ethanol (b). The temperature of the system was
varied and the temperature effect on the self-diffusion coefficient
for both water and ethanol molecules were investigated. It is
shown that the diffusion coefficients decrease with decreasing
temperature, which is consistent with the formation of longer H-
bonded chains at low temperatures. Initially, at a low temperature
(250 K), the presence of the Pt (1 1 1) surface had no effect on the
value of D for both water and ethanol. After that, the role of Pt
(1 1 1) appears, and the enhancement of the D value in the pres-
ence of the Pt (1 1 1) surface is clearly observed, which is consis-
tent with Pt being a good catalyst for such molecules.

It is believed that the self-diffusion coefficient follows an Arrhe-
nius-like relation with temperature [40]. The relationship is
D ¼ D0 expð�E=RTÞ:

As seen from Fig. 3, the diffusion coefficient of both water and eth-
anol in the presence of a Pt (1 1 1) obeys the Arrhenius equation;
the calculated apparent activation energies (E) of diffusion are 2.5
and 2.91 kcal/mol for ethanol and water, respectively. These low E
values explain the higher self-diffusion coefficients of both ethanol
and water.

3.1. Intermolecular structure

The structure of liquids is ordinarily expressed in terms of the
radial distribution functions (RDF) g(r). The most structured and
interesting g(r) functions for liquid ethanol correspond to the O–H
and O–O bonding. Fig. 4a and b show the OW–HW and Oe–He
RDF graphs of 50:50% ethanol–water mixtures. It is shown that
the presence of Pt (1 1 1) does not affect the position of the RDF
peaks. However, the inclusion of the Pt (1 1 1) surface notably af-
fects the RDF amplitudes; the first peak at around 2 Å is a strong



Fig. 2. A temperature dependence of the diffusion coefficient for water (a) and
ethanol (b). The solid line represents an ethanol–water–Pt system in the presence of
the Pt (1 1 1) surface; the dashed lines represent an ethanol–water system in the
absence of a Pt surface.

Fig. 3. A temperature dependence of the diffusion coefficient for water and ethanol
in presence of a Pt (1 1 1) surface as relation between ln D and reciprocal of
temperature in Kelvin.

Fig. 4. The radial distribution functions (RDF) of 50:50% ethanol–water mixtures
for OW–HW (a) and Oe–He (b). The solid line indicates the presence of the Pt (1 1 1)
surface; the dashed line corresponds to the absence of a Pt (1 1 1).
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evidence of hydrogen bonding in the bulk solution. Fig. 5a and b
represent the RDF graphs for Oe–HW and OW–He atomic pairs. It
is clear that the Pt (1 1 1) surface enhances the value of g(r),
thereby making it easier for ethanol and water to approach each
other and to establish a strong interaction between them. Such a
strong ethanol–water interaction results in a more preferred etha-
nol–water structure formation.

In Fig. 6 we present two more RDF graphs for (a) Pt–He and (b)
Pt–Oe atomic pair interactions to enlighten a microscopic nature of
the water–Pt and ethanol–Pt interactions. More specifically, is
hydrogen or oxygen having the higher affinity for Pt (the carbon
atoms of ethanol are shielded by the Hs and hence they cannot di-
rectly come into contact with the Pt atoms). From the RDF graphs
(Pt–He and Pt–Oe) we can guess that the oxygen is present nearer
to the surface of Pt (1 1 1) more than H and it is known that both H
and O have high affinity toward Pt (1 1 1) surface. This effect is
insignificantly small as within the ethanol molecule atoms of two
types (Oe and He) are bound rigidly. The estimation of the density
profiles as a function of distance from the surface yield similar re-
sults for ethanol’s oxygen and hydrogen as shown in Fig. 7.

In addition to Figs. 4–6, we have built new graphs (Fig. 5C in
supporting information) to compare the behavior of the RDF for
oxygen and hydrogen in water and in ethanol when the molecules
are in the adsorption layer and when they are in the bulk solvent.
The RDF of Fig. 5C for OW–He (a) and Oe–HW (b) have shown the
atomic pairs rearrangement at the earlier stages of the dynamics
(when the ethanol–water solvent over the Pt (1 1 1) surface is
yet forming a well-mixture bulk) and at the later final states (when
mostly ethanol molecules lie on the Pt (1 1 1) surface forming a
well-distinguished adsorption layer). The behaviors of RDF in



Fig. 5. The radial distribution functions (RDF) of 50:50% ethanol–water mixtures
for Oe–HW (a) and OW–He (b). The solid line indicates the presence of a platinum
surface; the dashed line corresponds to the absence of a platinum surface.

Fig. 6. The radial distribution functions (RDF) of 50:50% of the ethanol–water
mixture interactions with surface for Pt–He (a) and Pt–Oe (b).
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Fig. 5C indicate that the formation of an adsorption layer lowers
the atomic pair structural ordering between the ethanol and water
molecules. Additionally generated animation movies have also
shown that during the adsorption process on the Pt (1 1 1) surface
the ethanol molecules push water molecules from the surface to-
ward the bulk phase. The comparison of the RDF in Fig. 5C (a)
and (b) are straightforward.
Fig. 7. The density profile of an ethanol–water system in the presence of Pt (1 1 1)
surface. The densities of both ethanol and water were normalized relative to the
bulk density of the solution, which is 0.8 g/cm3.
3.2. Density profiles

In Fig. 7, the density profiles of both ethanol and water are plot-
ted versus the distance from the surface where the densities are
normalized relative to the density of the bulk solution. The results
show that the density of ethanol molecules in the first layer is
higher than that of water molecules. But for the second layer it is
different. From this result, we can suggest that hydrogen networks
between water and ethanol are disrupted as the solution mixture
approaches the Pt (1 1 1) surface. At a large distance from the sur-
face, the relative density of the liquids – ethanol and water – ap-
proaches unity as it would be expected in a bulk environment
with no electrode influence. The results also imply that ethanol
molecules push the water molecules away from the surface there-
by forming a strongly adsorbed layer on the Pt (1 1 1) surface.

It is known that the diffusion coefficient of pure water or etha-
nol is larger than that of the 50:50 liquid. From the density profile
illustrated above, the density of ethanol molecules on the first
layer is higher than that of water molecules. But for the second
layer it is different; the law is opposite. From this we can suggest
that the hydrogen networks between water and ethanol are
disrupted; then near the surface the liquid mixture is more like
either water or ethanol. The diffusion coefficient will become lar-
ger. For the RDF its amplitude in the case of 50:50 is larger. Thus,
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water-water or ethanol-ethanol molecule interaction will inten-
sify, thereby governing the total system’s dynamics.

It should be noted that all of the results presented above are
constructed for a bulk solution, and they are not related specifically
to the adsorbed molecules; the same interpretations are true for
the g(r) graphs. (It is well known that the 2D surface diffusion is
different from that of a bulk solution.) From our MD simulations,
the diffusion coefficient is higher in the presence of a Pt (1 1 1)
than in its absence. Apparently, as experimental and theoretical re-
sults indicate, the diffusion coefficient is always higher in the pres-
ence of many active metallic surfaces than in their absence. We
observe a similar regularity in the presence of a Pt (1 1 1). This is
because the Pt (1 1 1) surface is a good catalyst of ethanol oxida-
tion or dissociative adsorption. Such adsorption process makes
the bulk of ethanol to adsorb on the surface, so it actively increases
the mobility of the solution molecules toward the surface. In this
aspect, a good correlation of our MD simulation results with exper-
imental observations is clear. It is likely, however, that an interface
and a bulk solvent have different properties, and more detailed
correlation between the RDF function and diffusion coefficient
could clear up other aspects of the atomistic simulation. For exam-
ple, dividing the properties such as the diffusion coefficient and
MD trajectory into separate dimensions and reporting how diffu-
sion changes as a function of distance from the surface looks rea-
sonably straightforward, which would demonstrate more new
phenomena for possible experiment realization.

4. Conclusion remarks

We simulated a water–ethanol mixture in the presence and ab-
sence of the Pt (1 1 1) surface using DL_POLY code (version 2.19).
The self-diffusion coefficients of both water and ethanol in the
presence and absence of the Pt (1 1 1) surface were calculated;
an excellent agreement with the experimental results has been
found within an error of 7.4%. The enhancement of the self-diffu-
sion coefficients of both water and ethanol molecules related to
the ethanol–water structure have been well established in the
presence of a Pt (1 1 1). The radial distribution functions (RDF)
graphs have been built, and RDF correlations with the self-diffu-
sion coefficients of both ethanol and water molecules are also illus-
trated. It is shown that the presence of Pt (1 1 1) does not affect the
position of the RDF peaks. However, the inclusion of the Pt (1 1 1)
surface notably affects the RDF amplitudes; the first peak at 2 Å is a
strong evidence of hydrogen bonding in the bulk solution. The RDF
graphs for Oe–HW and OW–He atomic pairs demonstrate that the
Pt (1 1 1) surface enhances the value of g(r), thereby making it eas-
ier for ethanol and water to approach each other and to establish a
strong interaction between them. Such a strong ethanol–water
interaction results in a more preferred ethanol–water structure
formation.
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