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Gas Laws Lab

Purpose: Use knowledge of the ideal gas law and dimensional analysis to calculate the 

    amount of gas formed in a chemical reaction as well as the percent error.

Materials: 
Baking soda (NaHCO3)

Balloon



1 M HCl



String



250 ml Erlenmeyer flask

Ruler
Discussion: The ideal gas law can be used for many things.  For example, when hot air balloonists attempt around-the-world balloon flights, they need to calculate how much gas they will have in their balloons at any time.  Depending on the weight of this gas, they can determine if they will have enough lift to stay airborne for the entire flight.  As you might imagine, it is best for them to make these calculations before the flight rather than abruptly find out while halfway of the Indian Ocean.

During this lab, you will be determining the number of moles of gas formed during a chemical reaction.  From this value, you can determine the actual and percent error of the reaction.

Prelab: 
1) We will be using the following chemical reaction in this lab:

HCl(aq) + NaHCO3(aq) ( NaCl(aq) + H2O(l) + CO2(g)
If I start out using 10 grams of NaHCO3 and use an excess of HCl, how many moles of CO2 can I form?

2) Using the number of moles of carbon dioxide that you calculated in the last problem, use the ideal gas law to calculate the volume that this gas will take up.  R = 0.0821 Latm/molK, pressure is 1 atmosphere, and the temperature is 25(C.  

Procedure:

In the lab you will be doing the same reaction that was discussed in problem 1 of the prelab.  Carbon dioxide will be formed in the reaction, and we will use the measured yield of carbon dioxide to determine the percent yield of the reaction.

1)  Weigh out approximately 2.5 g of NaHCO3 (a.k.a. baking soda) on the balance.  Record the exact amount of NaHCO3 you measured:  

      Mass of NaHCO3 _________

2)  Pour 150 ml of 1M HCl into a 250 ml Erlenmeyer flask.

3)  Pour the NaHCO3 into a large deflated balloon.  Use a funnel to do this.  When all of it has been added, tap the side of the balloon to make sure that all of it is in the main part of the balloon and none is in the opening.

4)  Very carefully place the balloon over the mouth of the flask, making sure that the NaHCO3 does not fall into the flask.  You may need to have one person stretching the mouth of the balloon over the mouth of the flask while another pinches off the neck of the balloon to keep the powder from coming out.  Make sure that you’re careful while doing this, because it will be easy for you to splash some of the acid on yourself while doing this. If you splash acid on yourself, make sure that you wash it off with plenty of water.

5)  Once the balloon has been placed over the mouth of the flask, have one person hold it on so that it cannot fall off.  Once that person is ready and balloon is firmly fastened, another person should release all of the powder from the balloon into the hydrochloric acid in the flask.  You will immediately observe the formation of bubbles and/or foam.  While the balloon inflates, the person holding the balloon should make sure that none of the gas escapes.
6)  When the reaction has stopped, take the balloon off the flask and tie off the end so it is closed.  With a paper towel, wipe off any liquid which has splashed up into the nozzle of the balloon; this is very likely acidic, so make sure to wash your hands after touching it.

7)  With a string and a ruler, find the circumference of the balloon in centimeters.



Circumference of the balloon in cm: _______

8) Now that you have the circumference of the balloon, you can calculate the radius of the balloon in centimeters using the following equation:  C = 2(r
9) Now that you have the radius of the balloon in centimeters, you can find the volume of the balloon in milliliters.  To do this, use the equation:  V = (4/3)(r3.

10) Now convert the volume in milliliters to liters.  V = ____________

11) Now that we have the volume, let’s find the number of moles of CO2 that you have in the balloon.  To do this, use the ideal gas law, assuming that the pressure is equal to 1 atmosphere and R = 0.0821 L atm/molK.

12) Go back to the mass of NaHCO3 that you wrote down in step one of this procedure.  Using this value, calculate the number of moles of CO2 that you should have produced during this reaction, using stoichiometry.  We will refer to this value as being the experimental value for this reaction.  
Experimental Value =____________

Lab Questions:

1) Using the actual value calculated in step 11, calculate the % error for this reaction.

2) Why wasn’t your percent yield exactly 100%?  (sources of error)

3) Calculate the mass of the CO2 in your balloon from the number of moles of CO2 that you made.

4) Throw the balloon around a little.  Does it feel different than an ordinary balloon? Why do you think this is?
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