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ABSTRACT

In this paper extended scaled particle approach has used to compute thermodynamic behavior of real fluid. In order
to predicts closeness of values computed for ultrasonic wave velocity, thermodynamic molar volume and volume
expansion coefficient simultaneously, needs an assumptions like multiple of molecular weight along with ratio of
specific heat closer to unity, in liquid state. From the profile of the individual liquids the results are discussed in
terms of hard sphere cavity diameter and depth of minimum potential (binding energy) at fixed temperature (liquid
state).
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INTRODUCTION

The concept of hard sphere (HS) body is usefulewetbpment of theories of liquid state. The praperof hard
sphere provide the theoretical backbone of manytimns of state (EOS) for real fluids. The CarnaBterling
(EOS) for non attraction rigid spheres providesecurate representation of compressibility facE)ras a function
of reduced density. There is considerable inteiresteveloping more accurate hard sphere equatiompoove
prediction of interaction of real fluids. The acacy of (HS-EOS) is to compare (g) behavior exact (HS) data
obtain from molecular simulation results given bgny workers.

Alder, and WainwrigHtstudied the equation of state and the colliside far systems containing different number
of particles. The dependence of the results onntireber of particles at various densities, in orteobtain a
quantitative description of the equilibrium propestalong with existence of a first order phaseditéion for hard
spheres was discussed. They used molecular dyngdMio} to study the behavior of a small number aistic
spheres in liquid. Alder, Hoover and Yodnged (MD) and obtained high-density (EOS) andogytfor hard disks
and spheres. Hoover and Regave made a Monte Carlo (MC) determination ofgtes-sure and absolute entropy
of the (HS) solid to confirm the existence of affiorder melting transition for a classical mangypsystem of hard
spheres and to discover the densities of the diegiphases for liquid ¢d® = 0.67) and solid pd*® = 0.74), satisfy
the thermodynamic equilibrium conditions of equedgsure and chemical potential at constant temyeraBarker
and Hendersanused (MC) values for the Radial Distribution Fiima (RDF) for a system of (HS) fluid.

Adams$ found that the chemical potential is considerabyre dependent on the sample size than the preghee
chemical potential was obtained in agreement vttt found by integrating over pressure as a funadiovolume.
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Their equations produced were closely related ¢sehused in Scaled Particle Theory (SPT).Woodcpabposed
and ap-proximate closed-form representation of(E@S) for (HS) fluid. He uses the known virial cligénts, to
reproduces the exact (numerical) (EOS) with a gremtcuracy. Erpenbeck and Wdgstudied the equation of state
of the hard-sphere fluid by a computer simulatioathnod for volumes (1.6 << 25) with (108 < N < 4000)
particles and results are compared to the theateteEpendence for the NPT ensemble, to estimagemtddynamic
limit. The (MD) results are compared with Pade appnants to the virial series and the equationtafeswas
compared with a number of analytic expressiongHerhard-sphere equation of state. The most widséd EOS
Carnahan-Sterling (CS) is given below.

_prnrnr-n?| _mpd?
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Several improved hard-sphere equations have begoged. An accurate analytic and theoretically-tha&spiation
of state for the Lennard-Jones (LJ) fluid is pragbby Kolafa and Nezbelarhe equation of Kolafa introduces an
additional term to the numerator of the (CS) equmati

[1+f7+f72—/73—§(f73+/7“)}

Z= 3
(1_,7) )

The equation is based on a perturbed virial expanaith a theoretically defined temperature-depahdeference
hard sphere term. The expansion is written for Hieémholtz free energy which guarantees the thermanhyc
consistency of the pressure and internal energg.€fuation covers much wider range of temperafuies$o seven
times the critical temperature) than existing eiquest and is significantly more accurate and has pesameter than
the best equation available.

The equation of state for pure and binary fluidbafd spheres is proposed by Malijevsky and Vevérka

_ 1+15067 + 16539 +0.3262°
(1-7)*(L+ 00567 + 059792 + 0.30767°)
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This equation has the form of the Pade approxinsdrthe rescaled virial series and uses the firgesevirial
coefficients. Hence the equation is superior to @@nahan-Starling, Erpenbeck-Wood and Kolafa (EQSis
shown that its accuracy is almost the same as fbeison of recent simulation data. In contrasthe above
equations, Yelash and Kraskaeported a generic (EOS) for the (HS) fluid inawgiing the high density limit
without a pole at = 1.

3+8f7+14r72+14r73+[“}74
z= 3
(3-47)

(4)

Mehrdad Khanpour and Parsafapresent a simple method of obtaining various éqostof state for hard sphere
fluid. They used the first several virial coeffiots of hard sphere fluid and guess the equatiostaté by using the
asymptotic expansion method. Among the equationstatk obtained in this way are Percus-Yevick, (S&1d
(CS), (EOS). They combined the (MC) results on (F8) with the asymptotic expansion method and ynather
(EOS) for (HS) fluid. Khasare and Deshpahidkeveloped simple (EOS) for (HS) and (LJ) fluid.

Extended scaled particle theory (ESBT) is presently used to calculate thermo-dynamic omedde parameters.
Since (ESPT) was designed to capture the packiegaictions in a (HS) fluid. It would seem to beid@al theory
for calculating thermodynamic measurable paramefene two input parameters are necessary for (E3RI
sphere fluids are the radius and its binding endfipasaré®*’ uses (ESPT) for a strong repulsive potential togyet
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with a weak attractive potential.

The set of parameters required for calculatingaatinic wave velocity, density, and volume expansmefficient is

not same as that of Gibbs free energy. Many workéserved that above thermodynamic properties ytdyh

sensitive to the choice of hard sphere (cavity)ir&kal fluid can be represented by minimum of tparameters
such as size of the molecule and its binding endrggce SPT containing single parameter have lihstecess i.e.
to reproduce density data, and suitable hard spliameter can be selected. Similarly, to reproduaee velocity

different size of hard sphere diameter is requiiecause hare sphere model for real fluids is officgeent and

significant to reproduce density and velocity deitaultaneously. Hence it is necessary to extendaitowf SPT by
introducing additional parameters (binding energihasare modifies basic SPT theory by introdudiagd sphere
cavity diameter along with the concept of bindimgy.

Now (HS) system can be considered as an idealdéquind it is a simple for thermodynamic study. A
compressibility factor 4{,e) for fluid of (LJ) molecules enclosing in a cavitiameter (d) is defined as

dmﬁs)z% p=t pe=l

Where v is volume of cavity containing few chemiaalts, V is volume, P is a pressupes N/V is the density, T is
temperatures is binding energy of cluster containing chemiagitsiand k is Boltzmann constant.

Let A = Ao represent a simple system with known propertigslan), can be a system under consideration. This
leads to a perturbation theories, which requirdg imfiormation of reference system.

Here (ESPT) is tested for different types of reglils at fixed temperature and to begin with, migdeameters for
pure liquid are evaluated by assuming ratio of gjgdreat equal to unity and suitable average naealecular weight
of cluster. Molecular weight of cluster comes aube a real number. Hence its next closest higitegeér is first
assumed and correspondingly ratio of specific eatssumed. Next using subsequent theoretical dpmaidel
parameters for real liquid have been establishesstionate thermodynamic properties such as ultiasaocity,

bulk density and volume expansion coefficient.

2. ESPT for Real Fluid:
Khasaré®'’ expressed the pair potential between single migewith remaining molecules as a sum of reference

ideal repulsive potentiabo(r) And perturbing termpy(r). This perturbing term is a sum of non-ideal ulspre
potentials and attractive potentials term giveridippwing expression.

0= @o() + (1) = ous() + L[ Preplr) + Qand1)]; 0<A< 1.0 (6)
Wherel is the perturbing parameter.

Hence final expressiofifor (ESPT) an (EOS) for a real fluid is expressed a
2=2y+7; (

:[1+(2—m)/7+(3—2m)/72] s
T ey ’

S fpe+ 1,57 fm-a)y
' (1-mn)

A
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B

Now relation*’, d =ag, o = 3.0, we have

ey
Bl

— (3432}3252/7

L)

Whereo, d ando are the arbitrary constants, (HS) Diameter andl §jalameter respectively.

The other expressions thermodynamically derivakfgessions is as given below.

MuU® _a(zn)

RT 077

Y=Yty (8)

M =ZDM;Z=[me’,ZmaX;M =mo|ecu|arweigth]

Fora®= 3.0 we have

_(-567-33%% + 757° -16)
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1 (~4+3)
and
Me;':TaT :angT)zxzonrxl; 0)(
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3
1-n)l1-| >
{( 7 ( @”H
. = (3432/35)B%%n
(L-(3/4p)
The present (EOS) is tested by extending the dowiaitheory such as the definitiapx v/V and 0 <Be < 2.0 for

real fluid. Here one has to accept the term v/\thesprobability for creating a cavity in fluid ardl this cavity,
group of molecule are assumed to be present. Iplgase one chemical unit is sufficient while irulidj state group
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of chemical units are required to obtained thermmaalyic properties, which is natural and logicalthe present
work ten samples of real fluids are consideredixatiftemperature.

S, = benzonitril[103.1]; $= tetrahydrofuran[72.11];:S O- cresol[108.1];
S, = 2 methylpropanol[74.12];s$ ethylmethylketone[72.11];6$ benzene[78.11];

S; = acetophenon [120.1]3$ clorobenzene [112.6]x$ toulene [92.14];

S;0 = bromobenzene [157.1].
RESULTSAND DISCUSSION

The results are obtained by solving equations (8) 8ontaining two model parametergs f§c). The thermodynamic
related parameters are presented in (Table 1)vemdibdel parameterg) and (¢) are presented in (Table 2).

In the fallowing figure different pairs of [;] casponding to equation (7), equation (8) and eqnd®) are plotted
in red circle, in blue cross and in green circlepeztively.

"LJ pure phase diagram"
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Figure (1): () iq = 0.7715822166; (Be) i = 0.8506314831; T = 303.15K

In order to obtain unique choice in terms qffE], i.e. common intersection point in [; = 1=()] plalong with
necessary condition in terms of model input paramsek, C,/C,] are accepted. If one is not ready to accept the
above choice the common intersection is loosed laanvk to accept three solutions corresponding teethr
intersection point in1,7] plots. This happen only when one seldet 1]. Hence it is necessary to accept the choice
of [(> 1.0]. It is observed that basic model parametgrsi(d @¢) are depends upon the choice §f{ = G/C|]

thermodynamic variables.

Present type of calculations are useful for bicdfiuor polymer liquids where molecular weight a@y, [C,] are not
available. In the present calculations, it is eéasstudy the size of cluster molecules at variensgeratures required

in medical sciences.

MW =C(MW); € =[C1,E2] 6
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Table 1: Thermodynamic parameters and assumed model two-ther modynamic parameter [n,pe] for real fluid

S.No | (MW) | density| velocity| o 1 vyl 2 y2
1 103.7 | 0.995( | 14025( | 0.2017! | 35.637 | 1.0C | 36.C | 1.0102(
2 72.11| 0.8828] 12500 0.32100 15.541 1l00 66.0 9532
3 108.1 | 1.0487] 15250 0.278f 10.6/3 1j00 11.0 86530
4 74.12 | 0.7753] 11020 0.204p 77.4p5 1j00 78.0 5Mm07
5 72.11| 0.7947| 11735 0.260b 33.147 1|00 34.0 8D25
6 78.11| 0.8685 12711 0.3758 8.68//5 1/00 9.00 0336
7 120.1| 1.0179] 14570 0.1313 109.65 1/00 110. 2Mm22
8 112.6 | 1.0955] 12450 0.2976 12.6pP0 1/00 13.0 1®30
9 92.14 | 0.8756] 12920 0.3233 11.145 1/00 12.0 BHI6
10 157.1| 1.4815 11460 0.2754 13.485 1]00 14.0 823®

¢i=scaling real number; (2=scaling integer ;( MW) =molecular weight.
a= (3) Y% m= (3/4); R= (8:314)10"; Na = (6:02215)10%; pressure = (1:012928)10°%

Table2: Model two-parameters[n,pe] for real fluids

S.No nl Bel radiusl n2 Be2 radius2

1 0.8313918988 1.151765872 10.67662805 0.831846331.254881354| 10.71470800
2 0.7583087738 0.804199584 7.253361909 0.758307473804189855| 7.324074835
3 0.7826341655 0.893725733  6.989619397 0.7826307304893707584| 7.060164760
4 0.8302034102 1.143387241 13.45541388 0.830199985843359646| 13.48862228
5 0.7935687066 0.9407188Q09 9.817335313 0.793563851.340688115/ 9.900815520
6 0.729478161 | 0.71938304 | 6.09071456 | 0.729475651 | 0.71936714 | 6.16287441

7 0.8840796209 1.676756560 16.54628478 0.88349160D868255197| 16.56523542
8 0.7715873593 0.850656284 7.347258674 0.771584862850641895| 7.420266915
9 0.7570487058 0.800073032 7.060498952 0.757040270800032294| 7.236593386
10 | 0.7845861814 0.901757713 7.633235384 0.784583740.901741105 7.729188529

Kalidoss and SrinivasamoortHy™ have studied the earlf8r(EOS) and applied it to binary and ternary liquid
mixtures using the concept of concentration dependavity. Deshpand®applied earlief’ (EOS) to different real
fluid mixture. Bhandakkar discusses an accurate representation of moleclaters in liquid mixtures using
Khasare’s equation of state.

CONCLUSION

It is possible to conclude that minimum size of ewllar cluster can be easily simulated at a gieemperature
using computer algebra so that at least three thdynamic properties could be reproducing with deépsght in
liquid state.
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