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THE RELATION BETWEEN THE VOLUME VIRIAL COEFFICIENTS
AND THE PRESSURE VIRIAL COEFFICIENTS
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(Received October 5, 1976)

A simple method is presented for obtaining the relations between the volume virial
coefficients and the pressure virial coefficients. The first six volume (pressure)coefficients as
a function of pressure (volume) coefficients are given.

The virial equation of state in powers of the density is written in the form:

Pv
Z=— =1+ Z A,-v'j 1)
RT j=1
A%
where v=
n

is the molecular volume. An entirely anologous to (1) expression in which the
pressure is substituted for the density is as follows:
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The coefficients A,, A,,... and B;, B,,... are functions of the temperature only, and
the forms of these functions depend on the types of intermolecular forces in the gas.
The series (2) is mathematically equivalent to the series (1) and the coefficients of
the two series are uniquely related to each other.

~ Several procedures’® have been proposed to derive the relations between the
coefficients of (2) and those of (1). Despite the simplicity of a recently proposed
method,? it is still quite tedious for one to obtain relations between the higher terms
of (1) and (2). It is the purpose of this note to present a very simple and
straightforward method for obtaining these relations.

Eq. (1) can be solved with respect to P:
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By equating the right-hand sides of Equations (1) and (2) we obtain:

Avi= D, B 4)
i=1 k=1
Substituting equation (3) into (4), the last is transformed as follows:
DAVI= Y B, (RIVH1+ D, AV (5)

) k j
By grouping the terms of the same power in v on the right hand side of equation (5)
and equating them with the corresponding terms on the left hand side of equation
(5) we_can obtain the relation we are looking for. The term
(1 + AV

J

of equation (5) can be expanded using the well known formula of polynomial
expansion:

A '
Br+B+ ...+ Bu) = Z — BB B (6)
VLI VS R W |
where the summation includes all different combinations of A;, A,, ... Ay, with

and A; and M are all integrals.

As an example we apply equation (5) in combination with formula (6) for
j=k =6
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From equation (7) we obtain:
Ay
B, =——
RT
A2 - AZI
B, = —— (8)
(RT)? .
Ay - 3AA, + 2A°
B3 =
(RT)*
A,-4AA; + 10A% A, -5A% -2A%
B, =

RT)*
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As - SAA, - SALA, + 15AA% + 15A%A, - 35A%A, + 14A°

B5 =
(RT)’
Ag-6A,As-6A,A, + 42A,A5A, + 21A%A, - 84A% A2, - S6A% A, +
B6 =
126A%4A, - 42A%, + TA%, - 3A% (8)
(RT)®

An interesting observation concerning the numerical coefficients of the
numerators in the expressions (8), is that their algebraic sum in each term (with the
obvious exception of the first term, B,) is zero.

The relations (8) can be inverted to give:

A; = RTB,

A, = (RT)? (B, + B%)

A, = (RT)® (B; + 3B,B, + B,

A, = (RT)* (B, + 4B,B; + 6B*B, + B, + 2B%)

As = (RT)’ (Bs + 5B;B, + 5B,B; + 10B,B?%, + 10B*B; + 10B3B, + B°)

Ag = (RT)® (Bs + 6B,Bs + 6B,B, + 30B,B,B; + 20B* B, + 15B%B, + 30B*B?, +
15B4B, + BS, + 5B° + 3B%) .
The first four terms given in Egs. (8) are in exact agreement with the results

given by L. Epstein,>* W. Putman — E. Kilpatrick® and S. Vassiliadou-Athanassiou
— Th. Yannakopoulos.®

The author thanks Dr S. Vassiliadou-Athanassiou and Professor Th.
Yannakopoulos for helpful discussions.

Iepidnyig

‘H oyéoie uetakv v ovviedeot@v virial Fyxov xai ovvreAeordv virial MECEWE.

Hagovotatetar pédodog cvoyetioems TV ouvieheotdv virial dyxov ®oil
v ovvteheotdv virial méoswe. "Av xal 1| uédodog otegeitar padnponxiic
xopupdmMTog ®al dEv Sidovran yevixoi 8o, &v TovToLg glvar amhovotépa Tdv 7iom
rapxovodv uedddwv xai Exel mooxtixdv onpacioy. Qg maphderypa Epaguoymg
mapdyovion of medtor £E (ovuBotxis €mtd) ovvieheotai virial Synov a¢
OUVEQTNOLS TV CUVTEAETT@V virial miéoewg.
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