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Determination of virial coefficients for argon gas at 323 K

‘ Comments to Tandy Grubbs - wgrubbs@stetson.edu

Goals: Pressure-volume data is presented for argon gas at 323.15 K. The compression factor (Z) is
calculated for each P-V data pair and a virial equation of state is subsequently fitted to the data, yielding the
virial coefficients.

Prerequisites: A knowledge of virial equations of state for describing non-ideal gases.

Resources you will need: This exercise should be carried out within a quantitative analysis software
environment that is capable of fitting an arbitrary user-defined function to an x-y data set. You will also be
graphing the data along with the fitted function.

Background:

The pressure (P), volume (V), and temperature (T) of a given amount of gas can be used to calculate the
compression factor (2),

PV,
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where Vn, is the molar volume of the gas.

Z is exactly equal to 1 for an ideal gas at all pressures. Deviations away from Z=1 arise from intermolecular
interactions.

A plot of Z versus pressure for an arbitrary gas is shown in Figure 1. Three regimes can be identified in this
graph; (1) the value of Z tends toward 1 as pressure approaches 0, where all gases tend toward ideal
behavior, (2) the value of Z is less than 1 at intermediate pressures because forces of attraction cause the
pressure (or volume) in the numerator of equation (1) to be less than their ideal value, and (3) the value of Z is
greater than 1 and ultimately tends toward infinity at high pressures because repulsive forces cause the
pressure (or volume) to be greater than their ideal values.
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The variation in the compression factor as a function of pressure can be expressed as a power series
according to the expression
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Z=1+B'p+C'p*+D'p’ +.., @)

where B’, C’, and D’ are the second, third, and fourth virial coefficients, respectively. These coefficients have a
characteristic value for each gas and are temperature dependent. When applying equation (2) to a gas from
low to moderate pressures, one generally neglects higher order terms in the series. Equation (2) is called a
virial equation, and is one of the most accurate equations of state for a gas, provided one retains a sufficient
number of terms in the expansion.

For some problems, it is more convenient to write the virial equation as a power series in reciprocal molar
volume

Z :1+BL+CL2+DL3+...,

Ve Vo p 3)

where by convention the primes (') are normally dropped from the virial coefficients to distinguish them from
the coefficients that are present in equation (2).

This exercise will involve downloading a set of pressure-volume data for Argon gas at 323.15 K and analyzing
the data to determine the virial coefficients B, C, and D in equation (3).

Experimental Data:

Click on the following link and save the data to an appropriate folder. The data was obtained from Blancett,
A.L. and Hall, K.R., Physica, 47, 75-91 (1970). The first column of numbers is the pressure of argon gas in
units of atmospheres and the second column of numbers is the corresponding molar volume of the gas in

units of Liters/mol. The temperature of the gas was held constant throughout data collection at 323.15 Kelvin.

P-V Data for Argon at 323.15 K

Exercise:

1. Import the data into an appropriate quantitative analysis software package. How well does the data
conform to Boyles law? HINT: to address this question, you might investigate how well the data is represented
by the equation

Vi (4)
where a is a constant.

2. Calculate the compression factor (Z) for each pressure-volume data pair. Generate a plot of Z versus P.
Estimate the pressure where the gaseous system transitions from the attractive regime to the repulsive
regime.

3. You are now going to fit the data to a modified form of equation (3) from above. Generate two new
columns of data from the original data; one corresponding to 1/Vm and the other to (Z-1). 1/Vm will represent
the x-data set and (Z-1) will represent the y-data set in our fit. Using the appropriate procedures for your
software environment, fit to this data to a function of the form

y=RBx+Cx". (5)

Record the values of B and C from your fit; these are the second and third virial coefficients from equation (3).
Now generate a plot of the experimental and theoretical data compression factors versus reciprocal molar
volume. Is the agreement reasonable?
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4. Repeat the fitting procedure from step (2), but add the term DxC to your fitting function. Again, record the
values of B, C, and D and generate a plot of the experimental data with the new theoretical results. Does
adding the forth virial coefficient to your fitting function improve the agreement between the experimental and
theoretical data?

Suggestions for improving this web site are welcome. You are also encouraged to submit your own data-driven exercise to this web
archive. All inquiries should be directed to the curator: Tandy Grubbs, Department of Chemistry, Unit 8271, Stetson University, DeLand, FL
32720.

wqgrubbs@stetson.edu




