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An equation has been developed to represent the second virial coefficient of a normal fluid: BPi1ZRT,, = (0.1445 + 
0.073w) - (0.330 - 0.46a))r r- ' - (0.1385 + 0.5Ou)Tr-2 - (0.0121 + 0.097w)r r-

3 - 0.0073ioTe-» where u is the acentric 
factor (defined by to = —log (P/P0)8at — 1.000 at T1 = 0.7) which was discussed in an earlier paper. This equation not 
only fits the volumetric data with considerable accuracy but its second derivative also yields agreement with measured 
values of the pressure derivative of the gas heat capacity. 

In 1907 Berthelot2 proposed a simple reduced 
equation for the second virial coefficient which has 
been of great value in correcting the properties of 
real gases at low pressures to the ideal gas state. 
We know, however, that real gases do not follow ac­
curately the principle of corresponding states, 
hence any such equation is of limited accuracy. 
In the earlier papers of this series3 we have shown 
that the introduction of the acentric factor as an 
additional parameter increases the accuracy of pos­
sible correlation by about one order of magnitude. 

In this paper we present an empirical equation 
for the second virial coefficient in reduced form 
which includes the acentric factor dependence. 

Basic Data.—In addition to the second virial 
coefficient values based on volumetric measure­
ments,4 we calculated the volume of the saturated 
vapor from vapor pressure, heat of vaporization 
and liquid volume data in several cases.5 

We also used the information on the change with 
pressure of the gas heat capacity.6 If the second 
virial coefficient is B, thermodynamics yields the 
equation 

lim (*£,} „ _T&B 
P-* 0 V C W T £>ra K ' 

Consequently, the pressure dependence of the heat 
capacity offers a very sensitive test of any equation 
for B. 
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Selection of the Equation.—Our earlier studies3 

indicated that an equation linear in the acentric 
factor was usually adequate and we find this to be 
the case for the second virial coefficient. We have 
then, in reduced dimensionless form 

BPc B^P0 B^P0 

RT0 RT„ + " RT, 

where Bm and B(l) are functions of the reduced 
temperature, and o> is the acentric factor. Although 
oj was defined as 

u = - l o g P1. - 1.000 (2) 

where P1 is the reduced vapor pressure {P/Pa) at 
TT = 0.7, it may be evaluated readily from any 
vapor pressure value well removed from the critical 
point by the use of Table VI of Paper II of this se­
ries.3 

The simple fluids of zero acentric factor are the 
heavier inert gases A, Kr, Xe. We know their 
properties are quite well represented by a Lennard-
Jones intermolecular potential. Consequently, we 
took the equation of Stockmayer and Beattie7 as 
a point of departure. This was converted from the 
molecular potential constants to the macroscopic 
critical constants and then modified slightly to 
improve the fit at the lowest temperatures by the 
addition of a small T~z term and other small ad­
justments. The resulting equation is 

BmP° n-,*Ac 0.330 0.1385 0.0121 . „ , 
_ = 0.1445 - -jr J 7 , ^r3- (3) 

Figure 1 shows the reduced virial coefficient data 
for a number of substances together with calcu­
lated curves. The agreement of the curve for w = 
0 with the points for A, Kr and Xe demonstrates 
the adequacy of equation 3. 

It is impractical to show all of the data consid­
ered in the development of the equation for 5 (1>. 
The resulting fit with the data for benzene and for 
M-heptane is shown on Fig. 1 for B and on Fig. 2 for 
the pressure derivative of the heat capacity. Simi­
lar agreement is obtained for other substances. 
The resulting equations are 

B = B<°> + w5"> (4) 

BWp' _ r> rwo i ° - 4 6 ° - 5 0 0 0 9 7 0.0073 . . . 

~i?r„ _ °-0 7 3 + T, TJ ~~fj ~ ~ry (' 
The selection of a term in Tr~

s is, of course, some­
what arbitrary, but a very high power is required 
to fit the data at low temperatures. 

(7) W. H. Stockmayer and J. A. Beattie, J. Chem. Phys., 10, 470 
(1942). 
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Fig. 1.—A comparison of calculated and experimental 
values of the second virial coefficient. Solid circles are 
A, Kr or Xe points and the line through these points is that 
of equation 3. The open triangles are CO2 and solid tri­
angles are benzene points. These are to be compared with 
the line for w = 0.215. The open circles are points for n-
heptane (u = 0.35). I t is to be noted that the Berthelot 
equation yields excellent agreement for u in the range 0.15 
to 0.20. 

The work leading to the selection of equation 5 
indicated certain small changes in the previously 
published values of s(1), the term in the compressi­
bility factor expression which is multiplied by u. 
The revised values are given in Table I (the upper 
right-hand portion of each section is unchanged but 
included for convenience). 

TABLE I 

REVISED VALUES OP Z1 FOR COMPRESSIBILITY FACTOR CAL­

CULATION ( S E E TABLE IV, PAPER II) 

Tt 

1.20 
1.23 
1.3 
1.4 
1.5 
1.6 

0.2 

0.009 
.011 
.013 
.016 
.017 
.018 

0.4 

0.018 
.023 
.027 
.032 
.035 
.036 

Pr 
0.6 

0.028 
.036 
.041 
.049 
.032 
.054 

0.8 

0.044 
.050 
.055 
.065 
.070 
.072 

1.0 

0.069 
.069 
.072 
.082 
.088 
.090 

1 2 3 
0.09 0.16 0.21 

.09 .16 
.16 
.15 
.13 
.11 
.09 
.08 

.09 

.08 

.07 

.06 

.03 

.04 

4 
0.24 

.26 
.26 
.26 
.25 
.23 
.19 
.16 

Pr-

0.25 0.26 0.25 0.24 0.22 
.29 .31 .32 .32 .30 

38 
.40 
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.30 
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.20 
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Fig. 2.—A comparison of calculated and experimental 
values of the pressure derivative of the heat capacity. The 
circles and upper curve are for n-heptane (w = 0.35); the 
squares and intermediate curve are for benzene (w = 0.215). 
The bottom curve is for u = 0, but no experimental data 
are available for comparison. 

Discussion.—This equation should be valuable 
for the estimation of gas imperfection corrections 
to various data on gases at low pressures. The sub­
stances which can be expected to conform are those 
forming normal liquids. Metals and hydrogen 
bonding substances must be excluded. The limita­
tions are discussed in greater detail in Papers I and 
II.3 The final equations for various properties are 
readily derived from thermodynamics. In these 
equations H*, S*, C1* refer to the properties of the 
hypothetical ideal gas at the same pressure as the 
real gas; / is the fugacity. 

|:p= = (0.1445 + 0.073«) - (0.330 - 0.46U)T,'1 -

(0.1385 4- 0.5Ou)T1.-
2 - (0.0121 + 0.097u)T r-

3 -
0.0073a: TV8 ((S) 

log ( £ ) = ( 2 ^ g ) '('1.1445 + 0 .073») r r - ' - (0.330 -

0.46u)Tr-
2 - (0.1385 4- 0.5Ou)T,-3 -

(0.0121 + 0.097a>}T,-i - 0.0073^Tr~
s] (7) 

H-H 
RT 

0.92u)T r-
2 - (0.4155 + 1.5Ou)T,-3 - (0.0484 + 

0.388U)T1-" - 0.0657uTr~
9! 

5 - S 

i- = P, [(0.1445 -f 0.073U)T1.-1 

(0.4155 + 1.5Ou)T,-3 -

(0.660 

( 8 ) 

R 
= TJ- (0 .330 - 0.46u)Tr-

2 - (0.2770 + 

1.0Ou)T,-3 - (0.0363 4- 0.29«)T f-
4 - 0.0584wTr-»l (9) 

S L ^ - S I ! = Pr[(0.660 - 0.92u)Tr-'2 + (0.831 + 

3 .0u)T r '
3 + (0.145 4- 1.16u)Tr-" 4- 0,526uT,-3j (10) 
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