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This paper investigates the structural properties of a model fluid dictated by an effective inter-particle oscillatory

potential by grand canonical ensemble Monte Carlo (GCEMC) simulation and classical liquid state theories. The chosen

oscillatory potential incorporates basic interaction terms used in modeling of various complex fluids which is composed

of mesoscopic particles dispersed in a solvent bath, the studied structural properties include radial distribution function

in bulk and inhomogeneous density distribution profile due to influence of several external fields. The GCEMC results

are employed to test the validity of two recently proposed theoretical approaches in the field of atomic fluids. One is

an Ornstein–Zernike integral equation theory approach; the other is a third order + second order perturbation density

functional theory. Satisfactory agreement between the GCEMC simulation and the pure theories fully indicates the

ready adaptability of the atomic fluid theories to effective model potentials in complex fluids, and classifies the proposed

theoretical approaches as convenient tools for the investigation of complex fluids under the single component macro-fluid

approximation.
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1. Introduction

Atomic fluid classical density functional theory
(DFT) was extensively investigated and applied dur-
ing the last three decades, and has evolved into a
powerful tool for classical liquid state matters. To
be specific, the classical DFT approach plays indis-
pensable roles in various fields such as calculation
of density profiles,[1] supercritical adsorption,[2] cav-
ity formation energy,[3−5] solvation forces,[6] interface
behaviours[7] and so on.[8−10] In the classical DFT,
a crucial entity is the free energy density functional
F [ρ] for an inhomogeneous system with ρ (r) a single
particle density distribution. As F is a summary be-
tween ideal part Fid and excess part Fex and the Fid

is exactly known, then what has to be approximated
is the excess part Fex. Hence main effort in develop-
ing the classical DFT is devoted to approximating Fex

or a non-uniform first order direct correlation function
(DCF) C(1) (r, [ ρ ] ), namely, the first order functional
derivative of −β Fex [ ρ ] w.r.t. ρ (r). Throughout the
present paper, β = 1/kT with k a Boltzmann’s con-
stant and T an absolute temperature. Upon acquire-
ment of C(1) (r, [ρ]), one can obtain Fex by means of a

functional integration method as shown in Refs. [11]–
[13]. As a general rule, one employs the atomic fluid
as an initial test sample to examine the reliability
of any density functional approximation (DFA) pro-
posed. The atomic fluid is in general characterised by
a model potential comprised of a highly steep repul-
sion at closest separation and a monotonously weak-
ening attraction at far inter-particle separation. How-
ever a feature specific to effective potentials dominat-
ing over phase behaviours of complex fluids is a vibrat-
ing decay of the potential as a function of the sepa-
ration between two particles. Although perturbation
part of the potential only supplies small correction to
hard sphere equation of state and structural functions,
main features of a general van der Waals fluid stem
from the perturbation part. As the perturbation part
of the effective potential apparently differs from that
of the atomic model potential, there is a necessity to
examine whether any DFA suiting the atomic model
fluid is also fit for the effective model potential.

Before we start the examination, it is possible to
give a brief historical retrospect about the develop-
ment of classical DFT. Particular attention will be
given to Zhou’s contribution[11−13] to the classical
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DFT as the chosen third order + second order per-
turbation DFT approach is due to this author. The
first application of the classical DFT was reported
by Ebner et al.,[14] in an excellent review paper[15]

Evans gave a self-contained account of the classical
DFT formalism. A highly developed domain of the
classical DFT is in the inhomogeneous hard sphere
fluid for which several reliable DFAs are available. To
list some of them, we have a well-known weighted
density approximation (WDA) respectively due to
Nordholm and co-workers,[16,17] Tarazona,[18] Curtin
and Ashcroft;[19] a variant of the WDA, namely, the
fundamental measure functional due to Rosenfeld,[20]

Kierlik and Rosinberg and others.[21−23] A tradi-
tional functional perturbation expansion approxima-
tion was also developed greatly by Zhou and co-
workers through truncating the expansion at higher
order[24] and through including all of the terms in the
form of a second order truncation.[25−29] Finally, the
most simple and accurate hard sphere DFA is a so-
called bridge density functional approximation due to
Zhou and co-workers[30,31] and Zhou.[32−36] Straight-
forward extension of the hard sphere WDA to van
der Waals fluid is frustrated by the existence of the
non-stable region in the phase diagram. Zhou also
proposes a methodology[37,38] for formulating DFA by
integrating the information of bulk fluid radial distri-
bution function (RDF), the resulted DFA is in princi-
ple adaptable to extension to the van der Waals fluid,
but much work still needs to be done.

The theoretical progress aimed for non-hard
sphere fluids falls behind greatly. Until several years
ago, the most generally used approximation is still a
crude van der Waals mean field approximation for tail
contribution.[39] Only in recent years, several new non-
hard sphere DFAs are proposed by different authors.
One is a hard sphere WDA plus tail WDA[40−44] in
which the hard core part and tail term are separately
treated by different WDAs, the other is a so-called
third order + second order perturbation DFT[45,46]

whose adaptability to effective model potential will
be examined in the present work. Finally, a univer-
sal theoretical way is proposed by Zhou[47−53] which
is readily adaptable to any non-hard sphere fluids;

it has been confirmed that the universal theoretical
way[47−53] actually leads to the most accurate DFT
formalism for non-hard sphere fluids studied. As for
the application of the classical DFT approach, there
is much to be said. By considering the solid phase
as a highly inhomogeneous liquid phase, the classical
DFT approach finds wide applications in solid-liquid
phase transition;[54] electrical double layer phenom-
ena have also been investigated in detail by the clas-
sical DFT approach;[55−57] in combination with an
Ornstein–Zernike (OZ) integral equation theory the
classical DFT approach plays key role in calculation
of potential of mean force.[58−65] Finally the classical
DFT approach greatly pushes the investigation of the
polymer chain molecules near surfaces.[66−71]

The aim of the present paper is to apply a recent
third order + second order perturbation DFT to an ef-
fective potential model and examine the adaptability
of the chosen approach to the chosen effective model
potential. The organisation of the paper is as follows.
In Section 2 we will recapitulate the essentials and nu-
merical particulars of the third order + second order
perturbation DFT, and describe thoroughly the cho-
sen effective model potential. The simulation method
will also be briefly outlined in this section. In Section
3 the theoretical calculation results and simulation re-
sults are presented and compared with each other,
structural features particular to the effective poten-
tial fluid are described. Finally our conclusions are
drawn in Section 4.

2. Methods and models

2.1.Model

In the present work the interactions between the
particles are represented by a shifted effective poten-
tial with energy parameter ε, hard core diameter σ:

uts (r) =





∝, r < σ,

u (r)− u (rc) , σ ≤ r < rc,

0, r ≥ rc

(1)

with

u (r) /ε =





∝, r < σ,

(εb + 1) (r/σ − 1)/(b− 1)− 1, σ ≤ r ≤ b,

εbexp
(
−α

( r

σ
− b

))
cos

[
ks

( r

σ
− b

)]/( r

bσ

)n

, r > b,

(2)
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where rc is the distance at which the potential is trun-
cated and shifted, and b, α, ks, n, and εb are parame-
ters defining the precise form of the potential, and are
connected with the solvent bath properties by means
of very complicated relationships, the explicit math-
ematical form is beyond the scope of the present pa-
per. The part with b ≥ r/σ ≥ 1 reflects the depletion
attraction[72,73] induced by the finite size of the sol-
vent particles and the part for b < r/σ reflects the
packing effect of the solvent particles. By properly
choosing the parameters, the potential Eqs. (1) and
(2) not only mimics the shape of the potential aris-
ing in depletion interactions, but also other kinds of
interactions, such as the effective interionic pair po-
tentials in some alkali metals[74] and alloys.[75] Bulk
thermodynamic properties of fluid dictated by the po-
tential function Eqs. (1) and (2) are investigated in
Ref. [76] by canonical (NVT) ensemble Monte Carlo
(MC) simulations and a recent third order thermody-
namic perturbation theory.[77−81]

We will investigate two kinds of structure func-
tion, one is represented by a RDF suitable for descrip-
tion of bulk fluid, the other is denoted by density dis-
tribution function ρ (r) suitable for characterisation of
the fluid subjected to various external fields.

The external fields of interest are comprised of
different spatial constraints. Besides the single hard
wall, we treat also a spherical cavity surrounded by
the spherical hard wall, a planar gap, i.e. the two hard
walls separated by a distance L, and a hard spherical
particle, the corresponding external potentials φext are

φext (z) =





0, z >
1
2
σ,

∞, otherwise
(3)

for a single hard wall,

φext (r) =





0, r < R− 1
2
σ,

∞, otherwise
(4)

for a spherical cavity with hard spherical wall of radius
R,

φext (z) =





0,
1
2
σ < z < L− 1

2
σ,

∞, otherwise
(5)

for a planar slit with two plane hard walls situated at
z = 0 and z = L, respectively, and

φext (r) =





0, r >
1
2

(R + σ) ,

∞, otherwise
(6)

for a hard spherical particle of diameter R.

2.2.Third order + second order pertur-

bation DFT

In the third order + second order perturbation
DFT approach[46,82,83] the hard core part (denoted by
subscript hc) of the interaction potential is treated by
the third order functional perturbation expansion ap-
proximation (FPEA),[24] while the tail part (denoted
by subscript tail), whose dependence on the density
argument is very weak, is proved to be treated suffi-
ciently by the second order FPEA.[45] The third or-
der + second order perturbation DFT approach is
shown to be very reliable for diverse inhomogeneous
fluids[82,83] on condition that the input information,
i.e. the bulk second order direct correlation function
(DCF) C

(2)
0 (r; ρb . . .), is sufficiently reliable. In classi-

cal DFT, the ρ (r) conforms to a density profile equa-
tion

ρ (r) = ρb exp
{
−βϕext (r) + C(1) (r; [ρ] . . .)− C

(1)
0 (ρb . . .)

}
, (7)

here, ϕext (r) is an external potential responsible for formation of the inhomogeneous spatial density profile
ρ (r), ρb is density of the coexistence bulk with which the inhomogeneous system under consideration is in
equilibrium, C(1) (r; [ρ] . . .) and C

(1)
0 (ρb . . .) are respectively inhomogeneous and homogeneous first order DCF

of the system of interest. Difference of C(1) (r; [ρ] . . .) and C
(1)
0 (ρb . . .) is given in the third order +second order

perturbation DFT approach by

C(1) (r; [ρ] . . . )− C
(1)
0 (ρb . . . )

=
∫

dr′ [ρ (r′)− ρb] C
(2)
0 (|r − r′| ; ρb . . .) +

C
(1)′′

0hc (ρb . . .)

2
[
C

(1)′
0hc (ρb . . .)

]3

∫
C

(2)
0hc (r, r′′; ρb . . .)

×
[∫

C
(2)
0hc (r′, r′′; ρb . . .) (ρ (r′)− ρb) dr′

] 2

dr′′. (8)
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Ordinarily the coefficient C
(1)
0hc(ρb . . .)/2[C(1)′

0hc

(ρb . . .)]3 is substituted by an adjustable parameter
λ determined by a single hard wall sum rule[84] which
claims knowledge of pressure of the coexistence bulk
fluid. Because of possible small errors associated with
the bulk pressure calculated by any theoretical route,
which can then interfere the reliability of the judg-
ment on the quality of the performance of the DFT
approach, we utilise the simulation result for the pres-
sure as an input, its value is equal to ρ (0.5σ)/β. This
means that the parameter λ is adjusted to a value en-
suring an equality of the single hard wall contact den-
sity predicted by the present DFT approach and that
obtained by ‘exact’ simulation method. Nevertheless,
in practical cases one could also use the pressure based
on the OZ integral equation theory. Although this
would give rise to small quantitative errors in the cal-
culations, it would not affect the qualitative features
of the final results.

The C
(2)
0hc (r; ρb . . .), a hard core part of

C
(2)
0 (r; ρb . . .), is obtained by disposing of the tail part

C
(2)
0tail (r; ρb . . .) from the C

(2)
0 (r; ρb . . .), i.e. one has

C
(2)
0 (r; ρb . . .)

= C
(2)
0hc (r; ρb . . .) + C

(2)
0tail (r; ρb . . .) . (9)

As a matter of course, C
(2)
0hc (r; ρb . . .) corresponds to

highly steep repulsion core, thus one has

C
(2)
0hc (r; ρb . . .) =





C
(2)
0 (r; ρb . . .) , r < rcut

0, r > rcut,
(10)

and

C
(2)
0tail (r; ρb . . .) =





0, r < rcut,

C
(2)
0 (r; ρb . . .) , r > rcut.

(11)

Here rcut is the cutting distance at which the bulk sec-
ond order DCF is split into the hard-core part and tail
part. For the potential of present interest, the hard
sphere diameter σ should obviously be chosen as the
value for rcut.

Attainability of the C
(2)
0 (r; ρb . . .) is obtained by

way of the OZ integral equation theory which is sum-
marized as follows.

2.3.The OZ integral equation theory

The OZ integral equation theory supplies not only
the RDF describing the bulk structural properties but
also the bulk second order DCF as input of the classi-
cal DFT approach. The OZ integral equation theory
is characterised by a well-known OZ integral equation
given by Eq. (12) supplemented by a close equation
given by Eq. (13).

h (r) = C
(2)
0 (r; ρb . . .) + ρb

∫
dr1 h

× (r1) C
(2)
0 (|r − r1| ; ρb . . .) . (12)

h (r) + 1 = exp {−βu (r) + γ + B (r)} , (13)

here h (r) = g (r) − 1 is a total correlation function,
and γ (r) = h (r) − C

(2)
0 (r; ρb . . .) is an indirect cor-

relation function at the specified values of the model
parameters, the bulk density ρb and others. The B (r)
is a so-called bridge function, which is a sum of ‘bridge’
or ‘elementary’ graphs in the diagrammatic analysis of
the two-point functions.[85] A recently proposed bridge
function approximation[86] for a Lennard–Jones (LJ)
fluid will be applied to the present model effective po-
tential, and its numerical particulars are recapitulated
as follows. Reference [86] proposed a so-called GvEF-
BS-VW hard sphere bridge function

Bhs (r) =





ln (yhs (r)) + 1 + C
(2)
0hs, (r) r < σhs,

ln (ghs (r)) + C
(2)
0hs (r) + 1− ghs (r) , r > σhs,

(14)

here yhs (r), C
(2)
0hs (r) and ghs (r) are respectively cav-

ity correlation function, bulk second order DCF and
RDF of the hard sphere fluid with a diameter σhs.
It has been shown that a combination of the GvEF–
BS–VW hard sphere bridge function and the modified
hypernetted chain approximation[87] for the closure of
the OZ integral equation performs very well for the
Lennard–Jones fluid.[86]

The MHNC approximation is associated with an
adjustable parameter, i.e. an effective hard sphere
diameter d∗ whose value is specified by a local ther-
modynamic self-consistency condition. For the details
about the numerical procedure, we refer the readers to
Ref. [86]. Upon numerical solution of the OZ integral
equation, one obtains the RDF g (r), which is com-
pared with the corresponding simulation data, and the
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bulk second DCF C
(2)
0 (r; ρb . . .), which is used as an

input for the third order + second order perturbation
DFT.

2.4.Open ensemble simulation

The MC simulations were performed within the
grand canonical ensemble by using the Metropolis[88]

simulation technique. In the open ensemble, the chem-
ical potential µ, the volume V , and the temperature
T of the system are fixed, while the number of par-
ticles N is allowed to fluctuate. This set of indepen-
dent parameters defined by the thermodynamic state
of the system makes possible the study of the equilib-
rium between the fluid in the homogeneous phase and
the same fluid being subjected to some external field,
which causes the spatial inhomogeneity in the struc-
ture of the fluid. This inhomogeneous structure we
first determined for the simplest and quite usual ge-
ometry is considered in theoretical studies of confined
fluids, that is a planar slit consisting of two parallel,
perfectly smooth hard walls at a specified separation
L. The actual distance accessible for the fluid was
therefore L–σ. Denote the perpendicular direction by
z, then the fluid between the walls extended to infinity
along the directions x and y, flows parallel to the walls.
In practical simulations, the system was modeled as
an infinite array of identical simulation cells of the vol-
ume L × a2, repeating themselves in the two lateral
directions, along which the minimum image conven-
tion was applied. No periodicity needed to be assumed
in the direction z normal to the plates. In addition,
when modeling wide enough pores, where there ex-
ist domains of the fluid sufficiently distant from both
walls to retain practically nonperturbed density and
other properties of the bulk phase, it could be ac-
cepted that the structure of the fluid at either plate
did not appear to be affected by the presence of the
opposite wall. These results should therefore be al-
most identical to the density profiles next to isolated
walls or walls at infinite separations. This way, the
structure of the fluid near a hard, flat interface was
considered. In most cases, the value for the width
of the gap L = 20σ was sufficient to avoid the in-
terference between the symmetrical density profiles at
individual walls of the pore. Further external field
considered by us was imposed by the presence of the
closed spherical surface mimicking a spherical cavity
of the radius R. In this case, as the MC cell was a
closed pool of the fluid, there was no need for using

the periodic boundary conditions. Finally, we turned
some attention to the structure of the fluid near a sin-
gle hard sphere. For this system, similarly as in the
case of simulation of homogeneous (bulk) phase, the
MC cell was a cubic box of the volume a3 with the
periodic boundary conditions imposed in all three di-
rections. The fluid surrounded a hard sphere located
at the centre of the cell.

During the simulation, the phase space was sam-
pled through alternating canonical MC (CMC) and
grand canonical MC (GCMC) steps, i.e. by the move-
ment of randomly chosen particle, and by the addition
to or removal of particles from the system. Additions
and removals were attempted randomly with a proba-
bility P , so the probability for the move of a randomly
chosen particle was 1 − 2P . The value P ≈ 0.15 was
used in most of our runs. A new configuration was first
checked for a hard-core overlap. It was automatically
rejected if the overlap had been detected. In restricted
geometry, the rejection applied to the moves or ad-
ditions leading to an overlap of the moved or added
particle with another molecule or with the boundaries
of the confinement. After this check, the moves were
accepted with the probability fij given by

fij = min { 1, exp [−β (uj − ui)] } , (15)

where β has its usual meaning, β = 1/kT . The sub-
scripts i and j denote the initial and the attempted
configuration respectively; uj−ui is the change of the
total configurational potential energy due to the parti-
cle move. Additions and removals were accepted with
the probabilities[88]





fij = min { 1, r } , for addition,

fji = min { 1, 1/r } , for removal,
(16)

where
r =

ρb

ρj
exp [β (µex

b − uj + ui)] . (17)

Above, the subscript ij denotes an increase and ji a
decrease in the number of particles, i.e., Nj = Ni + 1.
The ρb and µex

b are the mean number density and ex-
cess chemical potential of the bulk phase respectively,
uj − ui is the energy change due to the addition or
deletion of a particle. The values for the excess chem-
ical potential µex

b for the prescribed (targeted) bulk
densities were determined by using iterative GCMC
algorithm.[89]

The density profiles were determined from the av-
erage numbers of the particles found within the slices
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into which the elementary MC cell was subdivided. A
typical duration of a GCMC run was about 2 × 106

trial moves per particle in the production calculation,
and 5 × 105 moves per particle were needed to equi-
librate the system. The allowed displacement of the
moved particle was usually restricted to ascertain a
move acceptance of about 60%.

We have not estimated errors in simulations, but
the results are of high accuracy because we performed
very long runs (about 2.5 × 109 configurations) to
achieve good statistics. Hence, the error bars are very
small, and the simulation results can serve as a fair
comparison.

3. Results and discussion

In the following we present the theoretical and
simulation results for the homogeneous and inhomo-
geneous structures of the fluid with underlying inter-
action potential given by Eqs. (1) and (2). We per-
form calculations for one set of potential parameters:
b = 1.15, α = 1.0, ks = 12, n = 3, εb = 0.5. The
investigation is performed at supercritical situations
by fixing the reduced temperature T ∗ = kT/ε of the
coexisting bulk fluid at the highest values simulated
in Ref. [76], i.e. T ∗ = 1.1.

In Fig. 1 we present the RDF of the bulk fluid for
the chosen set of potential parameters and at different
densities, whereas Figs. 2–5 show the density profiles
of the same fluid: (i) at a single hard wall (Fig. 2); (ii)
in the planar gap of width L = 4σ (Fig. 3); (iii) in the
spherical cavity of radius R = 4σ (Fig. 4); (iv) near
a hard spherical particle of radius R = 0.7σ (Fig. 5).
For the sake of clarity, the majority of these figures
are subdivided into three parts, which successively il-
lustrate the effect of increase in the bulk density at
constant values of potential parameters.

The theoretical RDFs shown in Fig. 1 are com-
puted by solving the OZ integral equation along with
the bridge function approximation.[86] As in narrow
domain close to contact distances the underlying po-
tential is attractive, this gives rise to high contact val-
ues of g (r) and deep minima at the distances slightly
exceeding the contact values. These minima stem
from the exclusion volume effect of the molecular layer
firmly attached to the central particle, and, in addi-
tion, from the fact that the linear attractive part in
the potential function at r < bσ is followed by the
repulsive part of the first oscillating cycle. At higher
distances the shape of g (r) is oscillatory due to the

layering structure of the fluid. It is interesting to ob-
serve that the period of oscillations approximately co-
incides with that in the potential function, i.e., the
minima in g (r) approximately coincide with the max-
ima (repulsion) in the oscillatory potential function
and vice versa. Rapid look at the computed RDFs
indicates excellent agreement between the results ob-
tained by the approximate integral equation theory
and simulation data.

Fig. 1. The DFT (lines) and simulation (symbols) results

for the RDF of the bulk fluid for one set of potential pa-

rameters as described in the figure and at different densi-

ties.

The results for the inhomogeneous structure of
the fluid subjected to diverse external fields are dis-
played in Figs. 2–5 which show the structural fea-
tures peculiar to the behaviour of the fluids at the
interfaces and in confined systems. A general course
of the density profiles is that a flat density profiles
ρ(x) = ρb are restored at sufficient distances from
the wall, irrespective of the specific nature of the in-
termolecular potential and the external field param-
eters. Upon approaching the wall these interactions
begin to compete with steric effects. This compe-
tition, of course, is now strongly dependent on the
particular intermolecular potential and in addition,
on the temperature of the system. In any case, the
inter-particle interactions have a stronger influence on
the structure of the fluid at lower temperatures. As
the strongly attractive molecules have a better chance
for mutual attraction at sufficient distances from the
wall(s) or outside the confined system, they are driven
away from the hard obstacles or toward the centre of
the micro-objects with restricted geometry. Of course,
just the opposite behaviour has been observed for the
molecules interacting through purely repulsive interac-
tion potential.[83] Clearly, strongly repulsive molecules
try to avoid each other such that they prefer the re-
gions adjacent to the walls of the confinement. Such
molecules are therefore accumulated next to the walls
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to a greater extent than those incorporating some
attractive interactions thus giving rise to more pro-
nounced packing effects leading to more distinct lay-
ering structure and higher wall-fluid contact density
of the fluid with repulsive particles. In the case of
the model fluid of our present interest, which incorpo-
rates both repulsive and attractive interactions in the
oscillating potential function one meets with a com-
bination of all these effects. The resulting density
profiles of confined fluid thus show the shapes arising
from the complex interplay among the steric effects
and the alternating repulsive and attractive parts of
the effective potential. One can observe more or less
sharp peak evolving at the distance z = 1.5σ from the
walls. This peak corresponds to the configuration of
two successive molecular layers—the first comprising
the molecules accumulated adjacent to the walls, and
the second with the molecules strongly attached by

the first layer. At bigger distances one sees the layer-
ing structure, the actual shape of the density profiles
being governed by alternating repulsive and attrac-
tive intermolecular potential. This structure is not
typical as found for the fluids with the molecules in-
teracting via monotonically changing attractive or re-
pulsive (tail) potential.[82,83] In the present case, suc-
cessive molecules may feel qualitatively different (re-
pulsive or attractive) interaction with their surround-
ing molecules. For this reason, as stated above in the
discussion of the bulk structures, the density profiles
show somewhat peculiar shapes also at bigger dis-
tances from the walls. A careful inspection of the
results for the local structures of the fluid in differ-
ent inhomogeneous systems indicates fair to very good
agreement between the DFT predictions and simula-
tion data.

Fig. 2. The DFT (lines) and simulation (symbols) results

for the density profiles of the fluid with the potential pa-

rameters b = 1.15, α = 1.0, ks = 12, n = 3, εb = 0.5 near a

single hard wall at the reduced temperature T ∗ = 1.1 and

at different values of the bulk density.

Fig. 3. The same as in Fig. 2 but in a planar gap of width

L = 4σ.
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Fig. 4. The same as in Fig. 2 but in a spherical cavity of

radius R = 4σ.

Fig. 5. The same as in Fig. 2 but near a hard spherical

particle of radius R = 0.7σ.

4. Conclusion

The conclusion emerging from this work is that
well-established approximate theories applicable for
simple atomic fluids perform well also for the system
of particles interacting through the effective poten-
tials which are useful for the modeling of complex flu-
ids. Recalling that validity of both the bridge function
approximation and third order +second order per-
turbation DFT hinges on existence of a highly steep
repulsive core, both the usual LJ potential and the
presently chosen model effective potential are charac-
terised with a hard sphere repulsion core, this supplies
the possibility of the validity of the two tested theories
exhibited for the chosen effective potential model. But

coming true of such possibility truly mirrors the fact
that tail contribution of the potential function does
not play important role in the formation of structures.
This is truly a structural counterpart of the van der
Waals notion. The present investigation also indicates
that the van der Waals notion also applies for inho-
mogeneous situation.

For those effective potential models which are not
featured with the highly repulsive core, it is still an
unsolved topic whether both the presently employed
bridge function approximation and third order +sec-
ond order perturbation DFT are also operative, more
studies are needed. We will report relevant studies in
the near future.
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