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In this work, a bridge density functional approximation (BDFA) (J. Chem. Phys. 112, 8079 (2000)) for a non-
uniform hard-sphere fluid is extended to a non-uniform hard-core repulsive Yukawa (HCRY) fluid. It is found that the

choice of a bulk bridge functional approximation is crucial for both a uniform HCRY fluid and a non-uniform HCRY

fluid. A new bridge functional approximation is proposed, which can accurately predict the radial distribution function
of the bulk HCRY fluid. With the new bridge functional approximation and its associated bulk second order direct
correlation function as input, the BDFA can be used to well calculate the density profile of the HCRY fluid subjected

to the influence of varying external fields, and the theoretical predictions are in good agreement with the corresponding

simulation data. The calculated results indicate that the present BDFA captures quantitatively the phenomena such as

the coexistence of solid-like high density phase and low density gas phase, and the adsorption properties of the HCRY

fluid, which qualitatively differ from those of the fluids combining both hard-core repulsion and an attractive tail.
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1. Introduction

Non-uniform fluids consisting of particles inter-
acting through a hard-core repulsion and an attractive
tail, are extensively investigated theoretically, numer-
ically and experimentally as well.l' One of the the-
oretical tools, the density functional theory (DFT)
approach, is developed greatly due to the experience
based on the investigation of these potentials, the
density functional approximation (DFA) for poten-
tials combining both a hard-core repulsion and an at-
tractive tail originating from the extension of hard-
sphere DFA.[? Far less investigated are the purely
repulsive potentials which exist as a model of po-
tentials for real fluids. Some of examples include
an inverse power potential, a core-softened poten-
tial, a penetrable-sphere potential, a purely repul-
sive Coulomb potential, a Gaussian core potential, a
hard-core repulsive Yukawa (HCRY) potential, etc.
All of these potentials can be good representative
of some real fluids. For example, the purely repul-
sive Coulomb potential represents a simplest model
of the potential for charged point particles immersed
in a uniform neutralized background;®! the Gaussian
core potential is usually used to represent the en-

tropic repulsion between the centres-of-mass of self-
avoiding polymer coils dispersed in a good solvent;
the penetrable-sphere potential is usually considered
as a prototype of the interaction between micellae in
a solvent;[® the core-softened potential is employed
to explain the anomalous property of water, liquid
metals under specific conditions;[® the HCRY poten-
tial can be used to model a structure and thermo-
dynamic properties of charged colloidal particles im-
mersed in an electrolyte water solution.”) Taking into
account the generality of the purely repulsive poten-
tials in modelling real fluids, it is very important to
formulate DFAs for these purely repulsive potentials
which display properties different from those shown
by the potentials including the attractive tail as well
as the hard core. Singly using one of the most success-
ful hard-sphere DFAs, i.e. the fundamental-measure
functional (FMF),®l is not sufficient for describing the
non-hard-sphere potentials. The reason lies in its close
connection with the employment of geometrical mea-
sures of the hard sphere in its construction. Here,
by ‘singly’ the author means the fact that in order
to describe the non-hard-sphere potentials the FMF
has to combine with other approximations, such as
the mean field approximation, for the perturbation
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tail. So our attention will be paid to another suc-
cessful hard-sphere DFA | the bridge density functional
approximation (BDFA).[Yl The BDFA is very success-
ful for calculating the density profilel®) and surface
tension('?! of non-uniform hard-sphere fluid, also it is
the simplest, in the sense of computation, among all
existing successful DFAs.[?l Tts computational cost is
equal to that for using a second order functional per-
turbation expansion approximation (FPEA)!™ which
however is only qualitatively correct for a non-uniform
hard-sphere fluid. At present, the BDFA is success-
ful only in the application to a non-uniform single-
component hard-sphere fluid,[>1%:12] a non-uniform bi-
nary hard-sphere fluid.!'>'4 and a non-uniform hard-
sphere chain fluid.!'%] By employing specially-devised
bridge functional approximation, the BDFA can also
be successfully applied to a non-uniform sticky hard-

d.116:17 How-

sphere fluid and a penetrable-sphere flui
ever, the straightforward extension of the hard-sphere
BDFA to non-uniform penetrable-sphere fluids by em-
ploying the Percus—Yevick (PY) approximation for the
bridge function is only partially successful.l'8] Tt was
shown in Ref.[18] that the BDFA based on the PY ap-
proximation held true only for the case of high tem-
peratures, while the FMF[® was sufficient only for
the case of low temperatures. For the non-uniform
Lennard-Jones fluid whose interparticle potential in-
cludes both the hard core repulsion and the attrac-
tive tail, even if one employed the specially-devised
bridge function approximation,!?-2%) the BDFA was
also only partially successful; In fact, it fails for the
cases of low temperatures and low densities.??) By em-
ploying the BDFA for treating the hard core part of
the non-hard-sphere interaction potential, the BDFA
also finds its successful application to a non-uniform
electrolyte solution (i.e. electrical double layer).[?!]
and a non-uniform sticky hard-sphere fluid.??/ From
all of these applications of the BDFA cited above, one
can conclude that the BDFA is a popular, very conve-
nient DFA in use, and has a potential of widespread
applications in liquid physics. However, its successful
application in liquid physics depends on the employ-
ment of an appropriate bridge functional approxima-
tion. Philosophy of the BDFA is as follows: the bulk
bridge functional should be expressed as a function
of bulk indirect correlation function (ICF); and then
by making use of the Ornstein—Zernike (OZ) integral
equation (IE), the ICF is rewritten as a convoluted in-
tegral involving the density profile (bulk radial distri-
bution function is exactly equal to the density profile

divided by the bulk density) and bulk second order di-
rect correlation function (DCF); the resulting expres-
sion is also applicable to the non-uniform case because
of universality of the free energy density functionall??!
and its first order functional derivative.l®! For poten-
tials with an attractive tail, the bridge functional can-
not be expressed as a function of the ICF, but it can
be written as a function of a renormalized ICF.[*4
Therefore, it is not surprising that the BDFA is not
directly suitable for these fluids over the whole den-
sity range.[29! However, for purely repulsive potentials,
the bridge functional is not so weird that it can be ex-
pressed as a function of the ICF. This opens up possi-
bilities for the straightforward extension of the BDFA
to these purely repulsive potentials. The aim of the
present report is to explore in detail the possibilities,
and propose a new bulk bridge functional approxima-
tion applicable for both the bulk HCRY model fluid
and for non-uniform HCRY model fluid as input into
the BDFA reformulated.

The rest of the present paper is organized as fol-
lows. In Section 2 we propose a new bridge functional
approximation whose validity for the bulk HCRY
model fluid is tested by comparing the resultant bulk
fluid radial distribution function (RDF) with corre-
sponding recently proposed simulation datal?®! in Sec-
tion 3. Then, in Section 3, we introduce the new
bridge functional approximation and its associated
bulk second order DCF into the BDFA and calcu-
late the density profile of the HCRY model fluid
subjected to the influence of varying external fields,
thereby making a comprehensive comparison between
the present density profile and corresponding simula-
tion data.!?®! The adsorption behaviours of the HCRY
fluid are also investigated by employing the present
BDFA in Section 3. Finally, in Section 4, we give a
detailed discussion about the present work.

2. Bridge density functional ap-
proximation for
neous HCRY fluids

inhomoge-

Adopted in this work is the intermolecular poten-
tial, i.e. the HCRY potential, which is given by

Bu(r) = 00, r/o <1,

Beoexp|—k*(r —o)/ol/r, r/o>1,
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where ¢ and o are energy and length scales of the
potential; the absolute temperature T is in reduced
units, i.e. T* = kT /e, with k being the Boltzmann
constant; k* is the reduced screening parameter which
dominates over the range of the HCRY potential.

Two key inputs necessary for the BDFA are the
bulk second order DCF CSZ) (r; pb - . .) of high accuracy
and an appropriate bulk bridge functional approxi-
mation B[y(r)] as a function of the bulk ICF ~(r),
where py, ... denotes a set of bulk parameters and py,
is the bulk density. For the former quantity, we have
tried several available bridge functions or bridge func-
tional approximations in combination with the OZ IE.
And we find that classical approximations such as the
PY approximation, hypernetted chain approximation
(HNC) and Rogers-Young approximation[?6-27] can-
not hold true for the whole parameter space. Espe-
cially, the performance for high bulk density py, is very
bad, or the physical solution at high bulk densities
even cannot be found at all. An exception is a semi-
empirical parametrized bridge function given by Mali-
jevsky and Labik[28] which holds for the HCRY poten-
tial. However, in the Malijevsky—Labik (ML) empiri-
cal approximation the bridge function is expressed as
a function of particle separation. Although it is use-
ful for obtaining the bulk 082) (r; pp . . .) numerically, it
is not suitable as the bridge functional approximation
used in the BDFA. If one employs the ML bridge func-
tion approximation to obtain the bulk CSQ)(T; Pb - )s
then one has to choose an additional bridge func-
tional approximation as input into the BDFA. For
self-consistency, we will propose a new bridge func-
tional approximation used for both obtaining the bulk
CéQ)(T‘; Pb - .) and implementing the BDFA.

Our new bridge functional approximation is based

on the well-known BPGG approximation, 2]

Bgpaa(y) = (14 s7)"* =1 -7, (2)
where s = 15/8. The present bridge functional ap-

proximation is in the following form:

—0.572,
(1 + 8’7)1/5 -1- Vs

v <0,
v > 0.

Buv-prca(y) =

There exist two differences between the present
approximation and the BPGG approximation. The
first difference is that for the negative argument, we

specify the approximation as —0.572 instead of the
original mathematical form, which is based on two
considerations: one is that the original form possibly
becomes meaningless mathematically when v becomes
negative, the other is that the resulting new form pro-
duces more accurate predictions for density profile as
shown later in the paper. The second difference is
that the present exponent s is adjustable, not fixed at
15/8 but it is fixed in the BPGG approximation. Its
explanation will be given later.

One of the input parameters, i.e. the bulk
C(()z) (r; pp . . .), is obtained by solving the OZ IE Eq.(4)
combined with the bridge functional approximation
Eq.(3) used in the closure equation Eq.(5)

h(r) — C (rspy ..
= pb/dﬁh(ﬁ)CéQ)(lr—Tll;pbm), (4)
h(r) +1 = exp{—fu(r) + v+ B(r)}, (5)
where, y(r) = h — 6’52)(7“; Pb - ..) is the so-called ICF
cited above, h(r) = g(r) — 1 is the so-called total cor-
relation function, g(r) is the RDF cited above, and B
is the bridge function.

In the BDFA, one specifies the non-uniform first

order DCF C™M(r;[p]...) as follows:

O [o]..)
= v+ [ alptr) -
xC(jr =] pp )

+B| [ dr'[p(r’) — po]

XCSQ)(|T_T/|;pb~")]7 (6)

where C’él) (pp . ..) is the uniform first order DCF, and
p(r) is the density profile.

Substituting Eq.(6) into a single component den-
sity profile Eq.(7) leads to a calculating formalism
Eq.(8)

p(r) = poexp { = Bpea(r) + CD (3 10]. )
~c (v}, (7)

where @ext(r) is an external potential responsible for
the generation of the p(r),
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p(r) = poexp { — Bext(r) + / dr'[p(r") = O (I — 'L iy )

+B { [ alote) = ICE i =i »} } (8)

As far as the specification of exponent s is con-
cerned, although the adjustable parameter s can be
determined by thermodynamic self-consistent condi-
tions, we find that for the present application in the
BDFA, the specification of s by using the single hard
wall sum rulel®”! will be more beneficial for the accu-
rate prediction of the p(r) as indicated in the present
author’s previous publication.!l So, the determined
value of s should depend on the bulk parameters such
as the py,, k* and T*. However, we also find that the
choosing of s = 1.5 is sufficient for both the bulk and
the non-uniform HCRY fluids for all of the investi-
gated cases. Thus, in the present paper, s = 1.5 is
employed.

Be-
sides the single hard wall, we treat also a planar gap,

We will investigate several cases of @ext (7).

i.e. the two hard walls separated by a distance H, and
a spherical cavity surrounded by a spherical hard wall.
The external potentials due to the presence of these
spatial constrains may be expressed as

oo, z/o < 0.5,

(9)
0, 05<z/o,

Pext (Z) =

for the single hard wall;

00, z/o0 <05 or z/o > H/o—0.5,

(10)
0, 05<z/o<H/o—0.5,

Pext (Z) =
for the planar slit with two plane hard walls situated
at z =0 and z = H, respectively;

oo, >R,

(11)
0, r<R,

Pext (T) =

for the spherical cavity with the hard spherical wall of
an effective radius R.

3. Results and discussion

Since highly accurate bulk Céz) (r;py...) is very
crucial to any successful DFAs, we first test the ac-
curacy of the present C(gz) (r; pb - . .) by comparing the

associated bulk RDF with the corresponding simula-
tion datal®! in Figs.1 and 2, showing that the present
bridge functional approximation Eq.(3) with a fixed
1.5 predicts the bulk RDFs in very
good agreement with the simulation datal?! for a wide

value of s =

range of parameters. Therefore one can conclude that
Eq.(3) will also predict the bulk CéQ) (r; pp - ..) very ac-
curately, since both C’éQ) (r;py -..) and g(r) are depen-
dent on each other. In Ref.[25], the Grand Canonical
Ensemble Monte Carlo (GCEMC) simulations were
carried out at a constant chemical potential u, vol-
ume V', and temperature T, this set of independent
parameters that determine the thermodynamic state
of the system made possible the study of equilibrium
between the bulk HCRY fluids with and without being
subjected to different external fields originating from
the different spatial constrains. Theoretical predic-
tions for p(r) of the non-uniform HCRY fluid based
on the present BDFA DFT approach and the corre-
sponding simulation datal?®! for two sets of bulk pa-
rameters are presented in Figs.3—8. These figures show
the curves of p(r) for the HCRY fluid sequentially: (i)
at the single hard wall (Figs.3 and 4), (ii) in the pla-
nar gap with a width H = 30 (Figs.5 and 6), and (iii)
in the hard spherical cavity with an effective radius
R = 3.50 (Figs.7 and 8). To make a comparison be-
tween the present approach and the approaches avail-
able from the literature, we present in Figs.5 and 6 the
predictions by using a DFT approach!®?! based on a di-
rect correlation function described in Ref.[33]. For the
sake of clarity, the majority of figures are subdivided
into two or three parts, which successively illustrate
the effect of increase in the bulk density at constant
values of potential parameters T* and x*. A com-
parison between the theoretical predictions and the
simulation datal?! for the p(r) of the HCRY fluid in
various inhomogeneous systems indicates a very good
accuracy of the present BDFA DFT approach. An
exception to the above observation is an obvious devi-
ation of the theoretical p(r) from the simulation result
in the region around the centre of the spherical cavity
for the highest bulk density considered (Fig.8). How-
ever, this disagreement can be ascribed to a low relia-
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bility of the simulation data for this regime stemming
from poor statistics of this part of data. Namely, the
p(r) is determined from the average number of the par-
ticles found within the spherical shells into which the
spherical cavity is subdivided. As the volume of these
shells decreases on approaching the centre of the cav-
ity, the counting statistics worsens in the same direc-
tion. It should be noted that for the case of the planar
slit with two plane hard walls the small disagreement
still exists near the middle centre when the bulk den-
sity is higher (Figs.5(c) and 6(c)).
so narrow slit constitutes a strong confinement and for
the strongly repulsive HCRY fluid, the bulk density of
ppo> = 0.7 is not far away from the solid-liquid transi-

Considering that

tion point,*4 the presence of so small deviation is not
a surprise. We can therefore conclude that the present
theoretical approach is highly reliable for the HCRY
fluid in confined systems. From Figs.5 and 6 one finds
that the present approach is comparable in accuracy
with the approach available from Refs.[32,33].

As reported in numerous articles dealing with the
behaviours of fluids at interfaces and in confined sys-
tems, a general feature found from the structures of
fluids was their spatial nonuniformity as a consequence
of the packing effects of fluid molecules in the domain
close to the wall. The actual details of the density
profiles that characterize this nonuniformity depend
on the specific nature of the fluid-fluid and the wall-
fluid interactions, and on the degree and geometry of
confinement. In this work, various confined geome-
tries have been considered in order to examine how
the expressiveness of the ‘nonuniformity’ of the sys-
tem affects the quality of the performance of the DFT
approach. Since the present calculation refers to the
model fluid with purely repulsive interparticle inter-

4 .
] K* =4, T* = 0.5
T, /\/__ e ppod = 0.5004
> E _— p,0° = 0.3028
) /\ — ppo = 0.0997
v (@)
0 T T T T T
1 2 3 4 5 6

actions instead of potentials with an attractive tail as
well as a hard core repulsion, it is also very interest-
ing to compare the present results with the qualita-
tive features found from the inhomogeneous molecu-
lar models that combine both the repulsion and the
attraction among the molecules,?® when, of course,
the effect of the same spatial constraints as a source
for the external potential is considered in both cases.
When an inhomogeneous structure of the fluid stems
from the presence of a single wall, the flat density
profile of p(z) = pp is restored at a sufficient dis-
tance from the wall, irrespective of the specific nature
of the intermolecular potential of interactions. Near
the wall these interactions compete with steric effects.
This competition, of course, is now strongly dependent
on the particular intermolecular potential and on the
temperature of the system as well. In any case, the
interactions among the molecules gain in importance
upon lowering temperature. As the strongly attractive
molecules have a better chance for mutual attraction
at sufficient distances from the wall or outside the con-
fined system, they are driven away from the hard ob-
stacles or toward the centre of the micro-objects with a
restricted geometry (planar gap, spherical cavity).[35]
As expected, just the opposite behaviour is observed
for the molecules interacting through a purely repul-
sive interaction potential. Clearly, the strongly repul-
sive molecules try to avoid each other and as such they
prefer the regions adjacent to the walls of the confine-
ment. Such molecules are therefore accumulated near
the walls to a greater extent than those due to some
attractive interactions, thus giving rise to more pro-
nounced packing effects leading to a more distinct lay-
ered structure and a higher wall-fluid contact density

4 3
3 K* =4,T* = 0.2
33 . ppo® = 0.6977
T, E - ppoS = 0.5042
SEE _— ppo> = 0.3080
1 E —— ppo°> = 0.0944
] (b)
0 T T T T T
1 2 3 4 5 6 7
r/o

Fig.1. A comparison between the curves of RDF g(r), obtained from the OZ IE theory (lines) based on the

present bridge functional approximation and the simulation result

s[25] (symbols). The bulk parameters are

shown in the figures, for the sake of clarity, the data corresponding to individual densities are shifted upwards

by different factors (0,0.5, 1,1.5) respectively.
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Fig.2. The same caption as that in Fig.1 but for bulk parameters as shown in the figure.
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z/o

Fig.3. The theoretical results (lines) and simulation re-
sults (symbols)25] for the density profiles of the HCRY
fluid at a single hard wall. The bulk parameters are shown
in the figure.

of the fluid with repulsive particles.  As men-
tioned above, the role of the interparticle interactions
strengthens with the temperature decreasing. For this
reason, lowering temperature causes a reduction in the
contact density and weaker oscillations in the density

near the wall in the case of the model fluids with at-

2.0
R*=4,T* =0.2
1.5 1
« -
2 0 puo3 = 0.3080
T T ppo® =0.0944
0.5 - (a)
0 +— : : : : : :
1 2 3 4 5 6 7 8
z/o
8
- K =4,T* =0.2, ppo® = 0.5042
6}
o 4
b
T 4]
Q .
2,
] (b)
0 ¥ T T T T T T
1 2 3 4 5 6 7 8
z/o
16 K =4,T* =0.2, ppo> = 0.6977
12
e
S ]
ONFS
Q .
4,
k (c)
f‘W"
0 A ‘ . : ‘ ‘
1 2 3 4 5 6 7 8
z/o

Fig.4. The same caption as that in Fig.3 but for bulk
parameters as shown in the figure.

tractive molecules.[5) Again, just the opposite case
holds for the fluid of our present interest. As clearly
seen from the comparisons between Figs.3 and 4 (sin-
gle wall), between Figs.5 and 6 (planar gap), and be-
tween Figs.7 and 8 (spherical cavity), the contact den-

sities (for approximation. the same bulk densities are
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adopted here.) are considerably higher at the lower
reduced temperature T* = 0.2 (Figs.4, 6, and 8) than
those at T* = 0.5 (Figs.3, 5, and 7). To summarize,
the imposing of the qualitatively different interactions
(attractive or repulsive) on the molecules of the fluid
gives rise to qualitatively different redistributions of
the molecules inside the confined system, leading to
thermodynamically the most favourable structures in
both cases.

The effect of temperature is clearly illustrated in
Figs.9(a) and 9(b) where the reduced excess adsorp-
tion I', and the relative reduced excess adsorption
I't re are presented as a function of the reduced tem-
perature T* for several different values of pyo®, with
the relevant parameter and the effective cavity radius
being k* = 4 and R = 30, and they are expressed as

ot dramr®(p(r) — py)

Iy = 12
Ex 47TR2 ’ ( )
121 kr=4,7*=05
(a)
1.0 1
el
5 O8] ppod = 0.3028
~— 06_
Q 3
o3 =0.0997
0.4 ] Py
024
0 T T T T T
0.6 0.8 1.0 1.2 1.4
z/o
4 3
E— * —
1 v =4,T* =0.5, pro’ = 0.5004 (b)
3_
. ]
2 2]
X
S
l _
OA
0.6 0.8 1.0 1.2 1.4
z/o
109 k* =4,7* = 0.5 ppo3 = 0.6979 ©
el
b
X
SN

0.6 0.8 1.0 1.2 1.4
z/o

Fig.5. The theoretical results (solid lines for the present
approach and dashed lines for the DFT approach in Refs.
[32,33]) and simulation results(?] for the density profiles
of the HCRY fluid in the gap of width H = 30. The bulk
parameters are shown in the figure.

K* = 4,T* = 0.2 (a)

ppo® = 0.3080

ppos = 0.0944

0.4
07 T T T T T
06 08 1.0 1.2 1.4
z/o
TR =4,T* =02, ppo® = 05042 (p)
6_
2]
)
X
QL
06 0.8 1.0 1.2 1.4
z/o
16

1 =47"=02, p,o®=0.6977 (c)

0.6 0.8 1.0 1.2 1.4

Fig.6. The same caption as that in Fig.5 but for bulk
parameters as shown in the figures.

and

Mo = B 1
ExRel (4/3)7TR3pb ( 3)

An increasing packing effect due to temperature de-
creasing is reflected as a negative slopes of I, versus
T and I g, versus T™; an increasing bulk density
strengthens the packing effect and results in Iy, in-
creasing. We also plot the curve of I, g, as a function
of temperature and bulk density, for the relative quan-
tity more accurately reflects the effect of bulk density.
The negative slopes of I';, versus T and I’ ., versus
T™ are in contrast to the case of potentials including
both the hard core repulsion and the attractive tail,
such as LJ fluid confined also in a spherical cavity
(see Fig.12 of Ref.[36]). The reason has already been
explained above.
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Fig.7. The theoretical results (lines) and simulation re- Fig.8. The same caption as that in Fig.7 but for bulk

sults (symbols)[%] for the density profiles of the HCRY
fluid in a spherical cavity of radius R = 3.50. The bulk

parameters as shown in the figure.

parameters are shown in the figure.
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Fig.9. The reduced excess adsorption I';  (a) and relative reduced excess adsorption I'j p. (b) as a function
of reduced temperature T* for a hard spherical cavity of effective radius R = 30. The coexistence bulk density
and reduced range parameter are shown in the figure.

It is desirable that our approach very satisfacto-  the first high density adsorption layer near the hard
rily capture the layering transition and the coexistence  wall. The high density adsorption layer forms the first
between high density solid-like phase and low density  virtual hard wall. It is the virtual hard wall that re-
gas phase in the confined regions. The coexistence  sults successively in the second high density adsorp-
originates from the strong packing effect as explained  tion layer. The intermediate low density gas phase
in the followings. The strong packing effect pushes the  layer is due to the strong repulsion between the HCRY
fluid particle towards the hard wall, and so results in ~ fluid particles and the first virtual hard wall. Since
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the density of the first virtual hard wall is lower than
that of the spherical hard wall and the particles con-
stituting the first virtual hard wall are subjected to a
small repulsion with a range longer than 0.50, as well
as the particles constituting the second pseudo-hard
wall suffer an infinite hard spherical repulsion with a
range equal to 0.50, the density of the second virtual
hard wall is lower than that of the first virtual hard
wall. The same reasoning is also applicable to explain-
ing why the density of the low density gas phase layer
becomes higher and higher as their position is situated
away from the spherical hard wall.

Unlike the case of the potentials with an attrac-
tive tail as well as a hard core repulsion where the
distance between two neighbouring wave crests or
troughs is almost equal to the diameter of the fluid
particle, the distance between two neighbouring layers
for the case of the HCRY fluid is larger than the diam-
eter of the particles. Since oscillatory density profile
reflects the packing effect, the above observation indi-
cates that the effective diameter of the HCRY particle
is larger than the diameter of hard core, which obvi-
ously conforms to the intuitive consideration.

4. Summary

The present BDFA DFT approach is self-
consistent since the bulk C’é?)(r; pb - .) and the bridge
functional employed in the BDFA result from the same
Although a

small deviation between the single hard wall contact

bridge functional approximation Eq.(3).

density and the simulating contact density appears,
it can be removed away by employing the single hard
wall sum rule for the specification of the adjustable pa-
rameter s, the calculations indicate that the resulting

values of s for various bulk conditions are all around
1.5.

The BDFA is based on the functional perturba-
tion expansion approximation and summing up all of
the higher order terms in the bridge functional approx-
imation. It is a little surprising that the performance
as shown in Figs.3(c), 4(c), 5(c), 6(c), 7(c), and 8(c)
for highly oscillatory density profile is very good. Such
an excellent performance is ascribed to the employ-
ment of appropriate bridge functional approximation.
It is very interesting to apply the present bridge func-
tional approximation Eq.(3) in combination with the
BDFA to other non-uniform purely repulsive potential
fluids mentioned in the introduction.

Extension of the present DFT formalism for non-
uniform single component HCRY fluid to non-uniform
binary HCRY mixture is very straightforward. All
one has to do is first specify the adjustable parame-
ters in the bulk bridge functional approximation by
using the thermodynamic consistent constraints for
bulk fluid, then proceed by following the procedure for
non-uniform binary hard sphere mixture,!'?! thereby
resulting in the DFT formalism for non-uniform bi-
nary HCRY mixture. One thing that deserves to be
pointed out is that the bulk bridge functional approx-
imation should be expressed as a function of the ICF
as done in the present single component formalism.

Since the OZ IE can be numerically solved for
purely repulsive fluids over the whole density range,

one can numerically obtain the bulk Cél)(pb .

.) from
zero density to high density, this allows applying the
present BDFA DFT approach to investigating the
surface tension by using the functional integration
method.'%37] We will investigate in detail the surface
tension behaviour of purely repulsive fluids in future

reports.
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