PERFECT GAS LAW

Purpose
To study the perfect gas law.  To measure the change of pressure of a fixed volume of air  when its temperature is changed.  To determine the absolute zero of temperature and the gas constant.

Background
The pressure of a fixed volume of all dilute gases is found to vary linearly with temperature according to



Pt = Po (1 + A t)





(1)

Here Pt is the pressure at temperature t, and Po is the pressure at the zero (t = 0) of the particular scale used (Fahrenheit, Celsius, etc.). A is some constant.

Look at equation (1) and notice that for t = - 1/A, Pt = 0.  At temperatures lower than this point the pressure would become negative, which is impossible. Thus this temperature is called the absolute zero.  Since equation (1) is the same for all gases, it can be used to define a new scale of temperature, the absolute or Kelvin scale.  Call temperatures on this new scale T and set


t = - 1/A + T






(2)

Then equation (1) becomes



P = Po A T






(3)

If the volume of the gas is now varied it is found that the complete equation may be written (for n moles of the gas)
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(4)

This is the perfect gas law, where R is the universal gas constant. 

Method

In this experiment we will measure the pressure of a fixed volume of air, V, in a bulb, B, using a pressure gauge, G.  The pressure will be measured as a function of temperature t.







       Volume V
Initially V is at pressure P1, and room temperature t1. (NOTE THAT THE PRESSURE MEASURED FROM THE GAUGE G SHOULD BE in kPa = 1*103 Pa = 1*103 N/m2).  The bulb B is then immersed in a mixture of ice and water.  At this temperature t2 the pressure will decrease to P2.  The bulb is then immersed in a hot water bath at specific temperatures t3, t4..., and the corresponding pressures P3, P4…, are read from the gauge G.

Procedure

You should draw up a suitable table in which to record the data.

1.
Read off the room temperature t1, in degrees Celsius, from the thermometer provided and the pressure P1 as read from the pressure gauge G (in kPa).  

2.
Put some ice into the stainless steel beaker provided and fill it one-third with water. Hold the apparatus by the handle H and immerse the bulb B in the ice-water mixture. Allow the temperature of the bulb to stabilize and wait until the needle on the pressure gauge stops moving. Record the temperature t2 of the mixture using the thermometer provided and pressure P2 from the pressure gauge, G. 

. 

3.
Remove the bulb from the ice water and let it warm up to room temperature.   Check that the pressure gauge reading returns to pressure, P1.

4.
Fill the stainless steel beaker about one-third full of water.  Place the beaker on the hot plate and switch it on.

5.
Use the thermometer to monitor the temperature of the hot water.  When the temperature reaches about 45 oC, CAREFULLY immerse the bulb in the beaker.  Take care not to touch the wall of the beaker with the bulb. Wait a few minutes and then record the pressure P3 and the temperature t3.  

6. 
Remove the bulb from the stainless steel beaker.  When the water starts boiling, CAREFULLY immerse the bulb into the boiling water, and when the pressure has stabilized, read and record the temperature t4 and pressure P4.  Then remove the bulb from the stainless steel beaker and switch off the hot plate.

Data Analysis

1.
Restricting the range of the temperature axis from 0°C to 100°C, plot Pt (in Pa) vs. t (in °C) and draw the best straight line through your data points. 
2.
 From equation (1), the slope and y-intercept of the graph of Pt vs. t (in °C) are Po A and Po, respectively. Obtain the slope and the y-intercept from the graph and hence calculate value of A. The absolute zero is then equal to -1/A in the Celsius system.  This is the temperature at which Pt is zero.
2.
According to equation (4) the slope of Pt vs. t equals n R/V.  Find the experimental value of R. We will not measure n/V but instead take it to have the room temperature value n/V = 40.89 mole/m3.

3.
Calculate the percentage difference between your value of the absolute Zero and the accepted value of –273.15 °C, and between your value of R and the accepted value of 8.31 J/mole. K.

4.
List and discuss the major sources of error.
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