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Second Virial Coefficients for Fluoromethanes and Their Binary 
Mixtures with Helium and Argon 

C. M. Bignell and Peter J. Dunlop' 

Department of Physical and Inorganic Chemistry, University of Adelaide, Adelaide, South Australia 5001 

Using an accurate method which has been described in detail previously, second virial coefficients of methane, 
fluoromethane, difluoromethane, trifluoromethane, and tetrafluoromethane and their binary mixtures with 
helium and argon have been measured at 290,300, and 310 K. 

Introduction 

In a recent publication (I) we described an apparatus and 
methods (I) for measuring the three second virial coefficients 
which characterize the molecular interactions in a binary gas 
mixture. I t  is suggested that this paper be read in conjunction 
with that work. These methods essentially involve use of a 
Texas Instruments (TI) quartz spiral gauge to accurately 
measure pressure changes when gases are mixed or expanded 
at constant temperature in a cell which consists of two identical 
volumes. Details were given which greatly improve the 
techniques we used on previous occasions (2-6). The purpose 
of this paper is to report second virial coefficients for 
fluoromethanes and their mixtures with helium and argon 
which have been measured with the same apparatus. 

Theory 

(a) Pure Gaees. The Virial equation of state may be Written 
as 

PV/nRT = 1 + B'P + C'p + ... (1) 
where P is the pressure, V the volume, T the temperature, 
R the gas constant, n the number of moles of gas, and B' and 
C' the second and third virial coefficients, respectively. If 
two gases, a reference gas and one of interest, are individually 
expanded from the same initial pressure Pi and volume VI to 
the same final volume Vz = 2V1, then the second virial 
coefficient of interest is related (1) to the virial coefficients 
of the reference gas by the relation 

B' = (P  - PI) + B,' (PP - PipI)  + C' (PP: - P P ) / A  

(2a) 
A = (PPI - PPi) (2b) 

where P, and P are the final pressures of the reference gas 
and the gas of interest, respectively, and C,' for the reference 
gas nitrogen has been taken as zero. Calculations show that 
the third term containing C' is negligible at  pressures lower 
than two atmospheres. 

(b)  Ga# Mixture#. As explained in detail in several 
previous publications (1-6) it is possible to measure the excess 
second virial coefficient, 6, for binary gas mixtures in the 
present apparatus: 

(3) 
where B12, which characterizes the unlike interactions, can 

C I Biz - (1/2)(41+ 4 2 )  
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Table I. Purities of Gaseous Components (mol 70) 
He 99.99 CHzFz 99.1 
Ar 99.9 CHF3 98.0 
CH4 99.99 CF4 99.9 
CH3F 99.0 

Table 11. Second Virial Coefficients for Pure Gases 
(cm3-mol-'). 

290 K 300 K 310 K ref 
He (11.7) (11.6) (11.6) 10 
Ar (-18.0) (-15.6) (-14.0) 10 
CH4 -47.0 (-46.0) -44.0 (-42.0) -38.7 (-38.0) 10 
CH3F -220.2 (-224) -201.9 (-206) -180.7 (-189) 11 
CH2Fz -315.7 (-346) -292.5 (-318) -264.5 (-293) 12 
CHF3 -205.0 (-198) -188.3 (-183) -172.2 (-170) 13 
CF4 -98.0 (-95) -89.4 (-86) -82.7 (-79) 14 

f 

a The data in parentheses are literature values. The experimental 
CHI values were taken from ref 1. The data taken from ref 10 are 
the recommended values. 

be obtained from the relation (7, 8) 

d = (2RTAP/P:)(l+ (Bll  + B2,)Pi/RT) - 
(Pi(B11- B z 2 ) 2 / ~ T ) ( 1  + 2@,1+ &#'i/RT) (4) 

where AP is the pressure change on mixing two gases at  
identical initial pressures, Pi, and volumes, Vi, and the BII 
and Bzz are volume second virial coefficients for the heavy 
and light components, respectively. If third virial coefficients 
are available for the pure components, a very small correction 
may be applied to the above expression for C to obtain a 
slightly better value. The cross term coefficient is obtained 
from eq 3 and the B11 and BZ2values which have been reportad 
in Table 11. 

Excess molar enthalpies, IlE, may also be obtained (9) from 
values of c and their temperature derivatives at  low pressures: 

(5) 
where zl and x z  are the mole fractions of the two components. 

Experimental Section 
Using the present apparatus, second virial coefficients have 

been measured for the pure fluoromethanes at 290,300, and 
310 K: the purities of the gases given by the manufacturer 
are listed in Table I. The results are listed in Table I1 and 
compared, where possible, with corresponding data extracted 
from the literature. We estimate the experimental errors in 
each value to be less than 1.5 cm3-mol-'. 

Excess virial coefficienta were measured for methane and 
the fluoromethanes in binary systems with helium and argon, 
and interaction virial Coefficients, B12, were calculated using 

HE = ~ x , x $  (6 - T(dd/dT)) 
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Table 111. Excess Second Virial Coefficients, e, and 
Corresponding Interaction Coefficients for Systems 
Containing Methane or a Fluoromethanea 

e BIZ 6 B12 
(cm3. (cm3. (cm3. (cm3- 

T (K) mol-') mol-') mol-') mol-') 
He + CHI Ar + CHI 

290 42.5 24.9 4.6 -27.9 
300 39.3 23.1 5.0 -24.8 
310 35.9 22.4 5.2 -21.2 

290 129.5 25.2 78.6 -40.5 
300 120.9 25.8 73.1 -35.6 
310 111.8 27.3 68.4 -29.0 

He + CH3F Ar + CH3F 

He + CHzF2 Ar + CH2F2 
2905 181.9 30.0 126.5 -40.4 
3005 170.4 29.9 116.6 -37.4 
310* 158.5 32.0 106.6 -32.8 

290 123.8 27.2 62.8 -43.3 
300 116.8 28.5 63.3 -38.6 
310 109.2 28.9 59.1 -34.0 

He + CHF3 Ar + CHF3 

He + CF4 Ar + CF4 
290 71.6 28.5 20.0 -38.0 
300 68.6 29.7 19.6 -32.9 
310 65.1 29.6 19.2 -29.1 

In calculating the BIZ values from eqs 3 and 4, our values of the 
pure componenta in Table I1 were used. All experimenta were 
performed at approximately 152.0 kPa, except those designated with 
an asterisk which were performed at 96.0 kPa. 

eq 3 and the B11 and B22 values in Table 11; the experimental 
values of C and B12 are listed in Table 111. We estimate the 
errors in the C values to be less than 1.0 cm3.mol-1; the errors 
in the values of Blz are larger because of the errors in B11 and 
B22. We have reported previously (4,6) data for CH, and CF4 
in mixtures with He and Ar; we believe the results in Table 

Table IV. Excess Molar Enthalpies of Mixing, Be, at 300 
K for Equimolar Mixtures 

HE (J-mol-1) 
CH4 CH3F CHzF2 CHF3 CF4 

P(kPa)  152.0 152.0 96.3 152.0 152.0 
He 10.5 59.4 50.8 51.7 20.0 
Ar -1.1 34.8 40.5 30.8 24.0 

I11 are the most accurate even though the differences are 
rather small. 

Excess molar enthalpies of mixing were calculated using 
eq 5 and the data in Table 111; we estimate the errors in each 
value of HE to be approximately f2 J-mol-1. 

Literature Cited 
(1) Bell, T. N.; Bignell, C. M.; Dunlop, P. J. Physica A 1992,181,221. 
(2) Bell, T. N.; Dunlop, P. J. Reo. Sci. Instrum. 1982,53, 83. 
(3) Bell, T. N.; Dunlop, P. J. Chem. Phys. Lett. 1981,84, 99. 
(4) Martin, M. L.; Trengove, R. D.; Harris, K. R.; Dunlop, P. J. A u t .  

J. Chem. 1982,35, 1525. 
(5) Martin, M. L.; Trengove, R. D.; Harris, K. R.; Dunlop, P. J. Ber. 

Bunsen-Ges. Phys. Chem. 1982,86,626. 
(6) Dunlop, P. J.; Bignell, C. M.; Robjohns, H. L. Ber. Bunsen-Ges. 

Phys. Chem. 1986,90, 351. 
(7) Knobler, C. M. Reo. Sci. Instrum. 1967, 38, 184. 
(8) Knobler, C. M.; Beenakker, J. J. M.; Knapp, H. F. P. Physica 1959, 

25,909. 
(9) Knoester, M.; Taconis, K. W.; Beenakker, J. J. M. Physica 1967,33, 

389. 
(10) Dymond, J. H.; Smith, E. B. The Virial Coefficients of Pure Gases 

and Mixtures; Oxford University Prees: Oxford, 1980. 
(11) Lange, H. B.; Stein, F. P. J.  Chem. Eng. Data 1970,15, 56. 
(12) Dymond, J. H. In ref 10. 
(13) Michels, A.; Vieeer, A.; Lundbeck, R. J.; Wolkers, G. J. Physica 

(14) Douslin, D. R.; Harrison, R. H.; Moore, R. T.; McCullough, J. P. J.  
1952, 18, 114. 

Chem. Phys. 1961,35,1357. 

Received for review July 20, 1992. Accepted September 4, 1992. 
This research waa supported in part by a grant from the Australian 
Research Council. 


