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The specifhic heat (C) of hnear tangent hard sphere chains of varying length 15 detetmined by employing Wertheim's hist onder

wabation theory 101y shown that the equation of state obtamed by Weithcim's first otder perturhation theoty predicts the same values of specihic
4 those ubtained through the equation ol state obtained by Monlte Carlo computer simulation
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cll-established model to study chain-like molecular system
1¢ i which the molecules are modeled as chains tformed by
naccted spherical segments This model 1s commonly used
wepresent polymet s thermodynamics properties and thewr
ase behavior Chain molecules of langent segments can be
sideted fully Hexible unless bending and Lotsional potentials
exphantly incorporated In these models, the paur potential
wean monomets that form this chain s given by a spherical
tential Wertheim | 1-4) and Chapman, Jackson and Gubbins
i presented independently a very successtul theory to study
* theimodynamic properties ot hard care fluids interacting
1shortrange attractive forces Wertheim's formulation also
lds quite good description tor Lennard Jone (LJ) chains [6-
square well chains [8], Yukawa chains [9], vapour — liquid
ulibium [10), eritical properties [11] and fluid - sold
“\stence [12-14] Thus, it1s possible to derive an equation of
e o a chain of treely joined tangent hard segments using
I\ thermodynamic information of monomer reference fluid,
stheory 1s commonly known as the first order thermodynamic
Mutbation theory (TPT 1) By employing TPT 1, the
Poximate equation of state of the chain fluid can be derived
Aowing the cquation of state of the monomer fluid and its
! torrelation tunction at contact As we have considered the
“bedl segments of the chain, hard sphere reference system
be quite usetul
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Despite the extensive number of studies devoted to the
Wertheim's theory, relatively little attention has been paid to
the thermodynamic propeities such as specitic heat of the chain
molecules To the best of our knowledge, no work has been
done in this direction In the present work, we have carried out
a simple numerical calculations by employing a simple formula
of specific heat depending upon the equation of state. We have
also carried out the numerical calculations ot the specific heat
from equation of state obtained by Monte Carlo simulations
and compared both theoretical results and those obtamed from
Monte Carlo results We find a good agreement between the
two values

Let us constder the spherical monomer particles N'“/ within
a certain volume V at temperatuie 7 These sphercal particles
interact through a spherical pair potential u(+) We shall denote
this fluid as the reterence tluid and labeled by supersciipt
reference Let us also consider a fully flexible chains of m
monomers such that N = N"//m The Helmholtz tree energy ot
the reference fluid A can be divided into an ideal and a residual
part as follows [12] -

ref ref ref ref
A = Audeat Arevdual =1In (prr] 6\)_ 1+ Arevsdual
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where p" 1 the number density of the reference fluid and o
15 the thermal de Broglie wavelength

From the Helmholtz tree energy, we can derive the expression
of the equation ol state as

1+n-057°

Zm =z =mz' —(m-1) ————
! (- (1-05n)

)
For flexible chain molecules, the reterence fluid 1s that of

hard spheres 1n the fluid phase and described by Carnahan-

Starling Equation of state [ 15] as

I+n+n -n’

. 3)

71
a-n’

where 7) 18 the volume traction of the hard spheie defined as
n=(n/6)p" &', the g"/ (&) can be obtained by employing
Vinal route to the pressure as [10]

z'7 =14 4m" (o) “

Now, we know that the specitic heat ("‘ ot a system ot hard
spheres of diameter ¢ can be expressed as [17, 18]
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where D 1s the dimension (in the piesent case D=3) and Z(n) 1»
the equation of state of the hard sphere system We consider
Z(n) 1 the equation of state of chain system which can be
obtained by employing Wertheim's first order theory

Now , 6(nz) 5n can be evaluated from eq (2) as

a d n+n+n*-n")
= MZ)=m ~ —————— -
an am  a-n’

P r;(l+n—05n2)

-(m=1)—= —=—- ®
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and
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Thus, the Cp, of the chain system can be deterrnmeﬂ&;
employmgeqs (2) and (5) '

Recently. Malanoski and Monson [19] have Preseng
extensive calculauons of the equation of state of treely Joigg
chains of tangents hard spheres using Monte Carlo Compy
simulation, as

p (C(,‘+C,n+Qrf +Cn'+Cynt)

zZ= \
PKT (Co—n)
where C, C, C, are the coefficients tor the 1y,
function fits of the equations of state ot the fluid at ditiey,
density ranges and are given in Table 2 of the Ref [19] We,,
determine that

a B ‘
a_n(r’l) = [(CU - ﬂ)(CJ +20n+3Cn* +4Cn’ +5C°)

+3(C3 +OMP+ G+ Ot + CAT'S)]/(C() =)

Thus, we can determine the values ot CV/K" tor chamn flu
employing Monte Carlo equations of state (7) ineq (3)

In the present work, Wertheim''s theory of the flesible ha
molecules, called as pearl necklace model has been employed
determune the specific heat (C,) of the chan molecules ol ditiaa
chain lengths We assume that the simple formulation ol i:
specific heat (Cp) of the system ot hard spheres will iemain i
for the chain molecules by approximating the equation of s
of chain molecules instead of equation of state of hard spheie
We shall compare the results obtained from the Wertheim:
theory with the simulation results of Malanoskr and Monv
[ 19] for the pearl necklace model Malanoski and Monson!1*
have provided empirical fits to their simulation results of tk
equation of state for the fluid phase of chain molecules wibr
ranging from m = 3 up to m = 8 Theretore, C, obtamned hir
these empirical fits are considered here as C, simulation result
A comparison between theoretical and simulation values®
Cp/ NK g has been shown 1n table 1 for chain lengths =4

Table 1 Specific heat (€ /NK,) of the parl-neckluce model in the s
phase from Werlheim's theory and the simulation data

n (C,INK,)
= = = -6
m=3 m=4 m=5 __/'/
TPT MC TPT Mc TpT wMc TeT M
020 106 104 08 084 074 068 065 ¥
025 118 114 098 097 O0Be 081 077
03 135 132 114 114 102 o098 v9 %
035 156 150 135 135 123 120 114
040 185 186 163 162 150 148 14
045 220 223 199 196 1B6 183 177
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o Wefind a good agreement between the theoretical and
Jlatrons values However, the small discrepancy at low
ey INLTEASES with increasing chaim length This may be
o the characteristic ot the first order thermodynamic
wuadon theory. More improved theories such as Dimei
ence Muid theory 120] and Generalized Flory Dimer theory
may improve the results for long chain molecules.
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