The Ideal Gas Law

Introduction:

In the last two experiments, we have determined the effect of pressure and temperature on the volume of a gas. Boyle’s Law says that the volume varies inversely with pressure. Charles’ Law states that volume varies directly with Kelvin temperature. The equations we developed for these two laws are:

· Boyle’s Law

PV = k

(at constant T and n)

· Charles’ Law

V/T = k’

(at constant P and n)

Putting these laws together gives us the Combined Gas Law, PV/T = k”.

The amount of gas or moles (n) is the last variable we need to include before we can develop an equation that relates volume, pressure, moles and temperature. 

In today’s experiment, we will be varying the amount of gas in a container and measuring the pressure inside the container. We will attempt to find how moles of gas relate to pressure, volume and temperature of a gas.

Objective: Vary the amount of gas in a container and measure the pressure. Develop an equation that relates moles, volume, pressure and temperature of a gas.

Materials: Soda Pop bottle, pressure gauge, tire valve stem, pump, 

Procedure:

1. Determine the ambient temperature in the room and convert to Kelvin temperature. Obtain the atmospheric pressure and convert to kiloPascals. Determine the volume (in liters) of gas in your pop bottle.

2. Determine the mass of the pop bottle with air inside it. Calculate the mass of the air inside of the bottle by using the volume and the density of air. The density of air is approximately 1.20 grams / liter. Calculate the mass of the bottle (not including the air inside).

3. Pump the bottle up with air until the volume of the air in the syringe is about ¼ the original volume, and then mass the pressurized bottle. Use the pressure gauge to measure the “gauge pressure”. Convert units of pressure to kPa.

4. Release some air until there is a noticeable difference in the volume of the syringe. Mass the bottle. Use the pressure gauge to measure the “gauge pressure”.

5. Repeat step 4 until the volume of the syringe returns to its initial value. 5 or 6 data points should be enough.

6. Calculate the mass of gas for each run by subtracting the total mass – mass empty bottle.

7. Calculate the moles of gas (n) in the bottle. Use 29 g / mol as an average molar mass for air.

8. Calculate the actual pressure of the gas by adding the atmospheric pressure to the gauge pressure.

9. Calculate the PV/T ratio for each run.

10. Plot a graph of PV/T Vs number of moles. Do a best fit for the graph.

DATA:

Preliminary:

1) mass bottle and air




2) mass air




3) mass bottle




4) temp (C)




5) Temp (K)




6) Volume of air inside of the bottle (l)




7) Atmospheric Pressure




Calculations:

Run
Gauge Pressure (kPa)
Actual Pressure

(kPa)
Total mass

(g)
Mass air (g)
n

(moles)
PV/T (liter*kPa/K)
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Analysis:

1) Graph PV/T Vs n.

2) What is the slope of your graph? What are the units of your graph’s slope?

3) If the equation for a straight line is y = mx + b, what represents y on your graph, what represents x on your graph? According to your graph, what do you think the y intercept should be?

4) Compare the slope of your graph with your classmates. How do they compare?

5) The slope of your graph represents the ideal gas constant, R which is 

8.314 liter*kPa/mol*K. Calculate the percent difference between your value and the actual value.

