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In this work we adopt the RMMV potential function proposed by Davis and calculate third 
virial coefficients for Ar, Kr, and Xe. Nonadditive effects due to dipole-dipole-dipole and dipole-
dipole-quadrupole terms are included. We found good agreement between theoretical and experi-
mental values for Ar and Kr, but not for Xe. 

In a recent paper1 Davis proposed a three 
parameter piecewise pair potential u(r) called 
RMMV potential, which has the form 

(p(x) = oo 

(p{x) = exp [ — 2 a (x — xm) ] 
- 2 exp [ - a O - xm) ] 

cp(x) =A(x-n-x~m) 
<p(x) = -C* x~6 exp (ß x~2) , 

and xenon). The notation is that of Fowler and 
Graben 2. The method of numerical computation has 
been described previously 3. 

0 . 0 < £ 0.1 , 

0.1 < x < ^ 1 .0 , 
1.0 <x ^ 2.0 , 
2 < z , (1) 

where x = r/r0, xm = rmlr0 and <p{x) =u(x)/e, with 
r0 and rm the separation at the zero and the mini-
mum of the potential, respectively, and e the depth 
at the minimum. This potential function fits the ex-
perimental second virial coefficients in the short and 
long range limits 1 for argon, krypton, and xenon. 
The corresponding potential parameter are listed in 
Table III and V of Reference 1. In this work we 
calculate the third virial coefficients as an additional 
test of the suitability of the RMMV function as an 
intermolecular potential for argon, krypton, and 
xenon. 

It has been n o t e d 2 - 4 that for the argon third 
virial coefficient, using different potentials, it is 
enough to take into account nonadditive terms up 
to and including the dipole-dipole-quadrupole term. 
We have made similar computations for argon, 
krypton, and xenon using the RMMV potential. In 
Table 1 and 2 we show the results corresponding 
to additive and nonadditive integrals in reduced 
form for n = 13 (argon), and n = 12.5 (krypton 
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Fig. 1. The third virial coefficient C of argon plotted against 
the temperature T. C (additive) ; C (ad-
ditive+ddd term); ••• C (additive-f (ddd) term + (ddq) 
term). Experimental data: O A. Michels, J. M. Levelt, and 
A. De Graaff, Physica 24, 659 [1958]. A J- M. H. Levelt 
Sengers, M. Klein, and J. S. Gallagher, 1972, AIP Hand-

book. 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



228 R. E. Caligaris et al. • Third Virial Coefficients for Ar, Kr, and Xe 

Table 1. Reduced third virial coefficient integrals for the 
RMMV potential. n = 13.0. 

T* C a d d * <5 C m * 3 <5C121* 

0.8 - 0 . 2 2 2 7 28.84 70.44 
0.9 0.3560 20.27 48.00 
1.0 0.5485 15.26 35.19 
1.1 0.5976 12.06 27.20 
1.2 0.5925 9.88 21.87 
1.3 0.5680 8.32 18.13 
1.4 0.5382 7.17 15.39 
1.5 0.5090 6.28 13.32 
1.6 0.4824 5.58 11.71 
1.7 0.4591 5.01 10.42 
1.8 0.4390 4.55 9.38 
1.9 0.4218 4.16 8.53 
2.0 0.4072 3.83 7.81 
2.2 0.3842 3.31 6.68 
2.4 0.3675 2.92 5.83 
2.6 0.3551 2.61 5.18 
2.8 0.3459 2.36 4.66 
3.0 0.3389 2.15 4.24 
3.5 0.3274 1.77 3.47 
4.0 0.3206 1.51 2.95 
4.5 0.3160 1.32 2.57 
5.0 0.3124 1.17 2.29 

Table 2. Reduced third virial coefficient integrals for the 
RMMV potential. n = 12.5. 

T* Cadd* 6Cin* 3 <5C121* 

0.8 - 0 . 3 3 4 9 29.40 71.74 
0.9 0.3109 20.63 48.82 
1.0 0.5332 15.50 35.75 
1.1 0.5963 12.24 27.61 
1.2 0.5977 10.02 22.18 
1.3 0.5761 8.43 18.38 
1.4 0.5474 7.26 15.59 
1.5 0.5183 6.35 13.49 
1.6 0.4914 5.64 11.85 
1.7 0.4676 5.07 10.55 
1.8 0.4468 4.60 9.50 
1.9 0.4290 4.20 8.63 
2.0 0.4137 3.87 7.90 
2.2 0.3894 3.34 6.75 
2.4 0.3715 2.94 5.90 
2.6 0.3582 2.63 5.24 
2.8 0.3482 2.38 4.71 
3.0 0.3405 2.17 4.28 
3.5 0.3277 1.78 3.50 
4.0 0.3200 1.52 2.98 
4.5 0.3146 1.33 2.60 
5.0 0.3105 1.18 2.31 

Figure 1 shows the computed and experimental 
third virial coefficients for argon. It should be noted 
that our calculations for the RMMV potential with 
n = 13 result in a third virial coefficient for argon 
which is slight by smaller than that obtained for 
the Bobetic-Barker-Maitland-Smith potential func-

tion 4. The agreement with experimental data is 
good. 

In Fig. 2 we show the computed and experimen-
tal third virial coefficients for krypton. The com-
puted third virial coefficients using the RMMV 
potential function are similar to the corresponding 
values obtained by Barker, Johnson and Spurling 9 

using the Bobetic-Barker-Klein potential function. 
The agreement with experiment is improved by the 
inclusion of nonadditive terms. More precise experi-
mental determinations of third virial coefficients 
would be of great value since one finds discrepancies 
up to 20 per cent in C between the results from dif-
ferent laboratories. 

The computed third virial coefficients for xenon 
are shown in Fig. 3 together with the experimental 
values. The agreement between calculated and ex-

Fig. 2. The third virial coefficient C of krypton plotted 
against the temperature T. Labeling of theoretical curves 
as in Figure 1. Experimental data: 0 J. A. Beattie, J. S. 
Brierly, and R. J. Barriault, J. Chem. Phys. 20, 1615 [1952], 
O N. J. Trappeniers, T. Wassenaar, and G. J. Wolkers, 
Physica 32. 1503 [1966].. A J- M. H. Levelt Sengers, M. 

Klein, and J. S. Gallagher, 1972, AIP Handbook. 
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Fig. 3. The third virial coefficient C of xenon plotted 
against the temperature T. Labeling of theoretical curves 
as in Figure 1. Experimental data: O A. Michels, T. Was-
senaar, and P. Louwerse, Physica 20, 99 [1954]. A J- M. 
H. Levelt Sengers, M. Klein, and J. S. Gallagher, 1972, AIP 

Handbook. 
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perimental data is poor. We are not aware of com-
putations of the third virial coefficient of xenon 
using potential functions other than the RMMV 
potential. 

The uncertainty in the polarizability values 6 af-
fects the contribution to the third virial coefficients 
due to the dipole-dipole-quadrupole term. However, 
the uncertainty modifies the final third virial coef-
ficient by less than 5 per cent and does not affect 
the above discussion. 
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