 SEQ CHAPTER \h \r 1Determination of the Second Virial Coefficient of a Gas
Objective: To use graphical analysis of compressibility data in order to determine the second virial coefficient of a gas.

Introduction:  


At low pressures, the ideal gas law well describes the behavior of all gases.  However at higher pressures, the ideal gas law invariably breaks down.  That is it no longer accurately predicts the properties of a gas sample.  One way of characterizing the applicability of the ideal gas law is to measure the compressibility of a gas.  The compressibility (Z) is defined as







[image: image8.png]


   

according to the ideal gas law, this ratio should be one under all conditions.  Thus any measured deviations of Z away from unity indicate that the ideal gas law is inapplicable and a better equation of state should be used.  


A variety of equations of states for gases have been proposed.  Some of the more well known ones include the van der Waals equation, the Berthelot equation, the Redlich-Kwong equation, the Beattie-Bridgeman equation, and the Detericci equation. All of them have in common the use of molecule-specific parameters which means that these equations of state have lost the generality of the ideal gas law.  However, if parameters are available for a particular compound, these equations of state can make very accurate predictions over a wide range of conditions from near the boiling point of a liquid up to the critical point of the vapor.  


Another widely used approach is to express the compressibility of a gas as a power series in either pressure or reciprocal volume.   
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ADVANCE \u 13
This equation of state is called the virial equation and the molecule-specific parameters B, C, and D or B’, C’, and D’ are called virial coefficients.  In particular, B and B’ are called second virial coefficients; C and C’ are third virial coefficients and D and D’ are fourth virial coefficients.  Notice that the same names are given to both equations and both sets of parameters.  Thus you must be very careful when using virial data to be certain which type of parameters are being tabulated.  This equation of state differs from the others in that the number of parameters is variable rather than fixed.  You can make predictions using a power series only through the second virial coefficient or expanding to quadratic terms, or cubic terms or beyond.


In this experiment, we will determine the second virial coefficient of carbon dioxide by graphical analysis of a power series expansion of compressibility in pressure.  This will give us B’ from which we can determine B and then compare our results to literature values and other equations of state.

Experimental:


A diagram of the apparatus is shown in Figure 1.  One end of the apparatus will be connected to the carbon dioxide tank and one end will be connected to a vacuum pump.  The end of the apparatus with the smaller cylinder should be connected to the CO2 tank.  There will be two electronic pressure gauges (S and E) each attached to a volt meter.  You should also have an electronic thermometer to record temperature in the hood.  The apparatus should have three valves labeled A, B, and C, as well as two vents.  Let the power supplies warm up for 10-15 minutes.  Note the initial voltages on the two pressure gauges.  For the gauge on the small cylinder the conversion factor is 206.85 mbar/mvolt.  For the gauge on the large cylinder, the conversion is 10.3425 mbar/mvolt.     
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Figure 1: Schematic diagram of the gas-filling and -handling apparatus for the second virial coefficient experiment.  S and E are the sample and evacuation cylinders.  The gauges are labeled with the letter G and the valves are labeled A, B, and C.

1) With values A and B fully open but C closed, turn on the vacuum pump and evacuate the apparatus.  Continue evacuating for several minutes until both pressure gauges are close to zero.  Record the voltage readings on each gauge after evacuation.  These will be your offset readings.  

2) Now crack open value C with A and B closed to let carbon dioxide into the small cylinder.  Add CO2 until gauge S reads ~90 mvolts.  Then close value C wait a few minutes for equilibration and record the pressure from gauge S.  After valve C is closed also briefly open the vent nearest the gas cylinder to depressurize the line.  

3) With A and C closed, crack open B until gauge E reads ~90 mvolts.  Wait a  few minutes for equilibration then record the pressure reading on gauges S and E.  

4) Now with B and C closed, open A and evacuate the large cylinder with the vacuum pump.  Run the pump until gauge E reads the same offset (close to zero) as in the first step. 

5) Repeat steps 3 and 4 until at equilibration, the pressures for gauges S and E are the same.  At this point the voltage reading for the large cylinder should not reach 90 mvolts.

After completing a run, your need to determine the volume ratio VL/VS.  In order to do this, open valves A and B with C closed.  Pump down the system until the voltage readings on the two gauges are at their previously determined offsets. Close value B.  Turn off the vacuum pump.  Open the vent close to the large cylinder until pressure gauge E is approximately ~ 90 mvolts.  Then close the vent and valve A.  Wait a few minutes for equilibration and record the pressure from gauge E.  This will be P1    With A and C closed open value B and wait for the pressure to equilibrate.  Record the pressure from gauge E.  This will be P2.  The volume ratio is given by Boyle’s Law since n and T are fixed
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Calculations:


We want to plot Z vs P and fit to a straight line to get B’ and from that B.  In order to evaluate Z we need P, V, n, and T for each set of measurements.  We certainly know T and P from the measurements we took, but we do not know n or V.  It is not simple to figure them out from the data either. Thus we will use a round about method for determining Z.  We know that the large cylinder is always at 1 atm or less ands so the ideal gas law is valid for all calculations in that cylinder.  We also know that all the moles originally in the sample cylinder are either transferred to the large cylinder or are in the sample cylinder at the final measurement.  
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Zj is the compressibility of the gas in the sample cylinder after j transfers to the larger cylinder.  So the first measurements are made before any transfers and j is zero.  The summation in the denominator runs from j+1 to the last transfer.  Calculate Z for each step in the procedure.  Then plot Z vs the pressure in the sample cylinder at each stage.  The plot should have Z as a nearly linear function of P with an intercept of 1 if the virial equation is applicable.  The slope of this virial plot will be B’.  From B’ you can calculate B using the following relationship. 
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Worksheet: Report room temperature, the barometric pressure, and P1 and P2 from your experiment.  Include a table of pressure data from the expansions.  Also turn in a plot of Z versus P.  Report values of the volume ratio,  B and B’ with units and uncertainties.  Discuss the agreement with literature values.   

CH 341 Pre-lab Assignment




Name_______________________

1) Look up the virial coefficient for carbon dioxide at room temperature in a standard reference

2) Use the van der Waals parameters a and b for carbon dioxide to estimate B at room temperature.  How similar is this value to the literature value?

3) Using the literature value of B, estimate Z if the pressure of a compressed carbon dioxide sample at room temperature is 17.0 bar    
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